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Executive Summary 
 
Since the mid-1900’s, invasive aquatic weeds have been a significant problem in 
many of the shallow, interdunal lakes of the Clatsop Plains on the northern Oregon Coast.  
These weeds interfere with beneficial uses, such as boating, fishing and swimming, and 
have dramatically altered the chemical and biological features of the lakes. In 1994, the 
Oregon Department of Environmental Quality (ODEQ) listed three of the lakes, Cullaby, 
Smith and Sunset on their 303(d) list for impaired water quality due to invasive aquatic 
plants. Residential development, urbanization, and agriculture on the Clatsop Plains has 
undoubtedly resulted in non-pollution of groundwater and eutrophication surface water.  
All of the residences surrounding the lakes use septic systems for waste disposal that are 
potentially a substantial source of nutrients to the groundwater and the lakes, however, 
the relationship between the groundwater chemistry and lake chemistry was not well 
defined. The main objectives of this project were to define the relationship between 
groundwater chemistry and lake chemistry, collect water chemistry data to aid in any 
future TMDL and modeling efforts, and develop management plans for invasive, 
nonnative aquatic weeds in the lakes.  
The relationship between groundwater and surface water chemistry is complicated 
by complex stratigraphy in the dunes that result in localized nutrient distribution and 
controls in the shallow ground water of the Clatsop Plains. Local geology, nutrient 
sources, redox potential, and ionic composition of the groundwater vary from site to site 
throughout the Clatsop Plains, which suggests that the importance of nutrient loading 
from groundwater must be assessed for each lake through more detailed study.  
These results suggest that phosphorus may be a greater problem in the shallow 
Clatsop Plains aquifer than nitrogen. Nearly all water samples had total phosphorus 
concentrations greater than the EPA limit for streams discharging into a lake or aquifer 
(0.05 ppm as P). When this information is coupled with the fact that many surface water 
bodies appear highly connected with the shallow ground water, a ground water source for 
surface water phosphorus contamination is possible. This may explain the high observed 
phosphorus concentrations in the interdunal lakes. Because of the localized and complex 
groundwater chemistry, however, estimation of either nitrogen or phosphorus input to 
individual lakes will require more focused, smaller-scale studiesthat focus on identifying 
variability in redox potential and quantifying the potential nutrient sources around each 
lake. This information could then be coupled with the larger-scale potentiometric data 
presented here to determine 1) if nitrate or phosphate is stable in the shallow ground 
water around each lake, 2) if the ground water flow and potentiometric surface support 
nutrient transport into the lake, and 3) the expected magnitude of nutrient contamination 
based upon local sources. 
Cullaby, Smith and Sunset may benefit from alteration of watershed practices that 
may contribute nutrients to the lakes and surrounding groundwater. Agriculture, septic 
systems, logging, and runoff from lawns are likely sources of nutrients to the lakes. 
Nutrient reduction measures may improve water quality by reducing phytoplankton 
growth and increasing water clarity. Because the magnitude of nutrient loading from 
groundwater to individual lakes could not be determined the expected degree of 
improvement in water quality with any reduction in nutrient loading from reduction in 
non-point loading cannot be estimated. It is important to recognize that increases in water 
clarity will increase light will be available for aquatic plant growth and may lead to more 
prolific growth of aquatic weeds. If nutrient reduction measures are not enacted, removal 
of aquatic plants from the lakes may lead to a shift in alternative stable state from the 
current, relatively clear-water plant-dominated state to a more turbid phytoplankton-
dominated state. 
Lake-specific management plans include prevention of new introductions and 
short and long-term management strategies applicable at multiple scales such as 
mechanical harvesting, handpulling, and bottom barriers. Regular monitoring of the lakes 
to document changes in water quality that may result from weed management is highly 
recommended  
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Chapter 1. Introduction 
Purpose and Scope 
Since the mid-1900’s, invasive aquatic weeds have been a significant problem in many of 
the lakes of the Clatsop Plains on the northern Oregon Coast.  Weeds interfere with beneficial 
uses, such as boating, fishing and swimming, and have dramatically altered the chemical and 
biological features of the lakes. In 1994, the Oregon Department of Environmental Quality 
(ODEQ) added three of the lakes, Cullaby, Smith and Sunset, to the 303 (d) list of water quality 
impaired waters, due to the presence of the invasive aquatic weeds. ODEQ contracted with the 
Center for Lakes and Reservoirs and the Geology Department at PSU to develop management 
plans for the weeds and to evaluate the source of nutrients to the lakes that may contribute to 
water quality problems. Current water quality conditions, groundwater, and the watershed were 
studied.  
In the present report, management plans were prepared for each of the four lakes to 
provide agencies and the public with methods to manage the aquatic weeds and restore the lakes. 
The watersheds of each lake were characterized. The geology, vegetation, population, wetlands 
and land user were examined around each lake to determine if any watershed influences on the 
lake existed. It is important to characterize the lakes and their surrounding areas to examine how 
impacts within the watershed might also impact the lake. Extensive surface and ground water 
quality studies were also conducted. Because these lakes are located between relict sand dunes, 
they are heavily groundwater influences. It was believed that the lakes had high nutrient 
concentrations, and valuable information regarding the concentrations of nutrients within the 
lakes, in the ground water and examination of potential sources of nutrients was important. 
Increased development and urbanization surrounding these lakes has creating sources of 
allochthonous nutrients. Sources include lawns, septic tanks, logging and agriculture. Although 
nutrients are not the direct cause of the excessive weed growth, the nutrients do alter the natural 
biochemical cycling of the lakes, in turn influencing the biology and ecology of the lakes. The 
problem of the aquatic weeds and any surface or groundwater quality issues must be examined 
within the context of these potential sources and the watershed surrounding each lake. 
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Clatsop Plains 
Setting 
The Clatsop Plains is an area of approximately 40 square miles on the northern coast of 
Oregon. It is a narrow strip of vegetated, dune ridges parallel to the coastline, running from the 
Columbia River south to Tillamook Head. The plains are bounded by the Pacific Ocean on the 
west and the foothills of the Oregon Coast Range to the east (Figure 1). 
 
 
Figure 1. Clatsop Plains 
Ecoregions 
Oregon has been separated into ecoregions based on geology, climate, vegetation, land 
use, wildlife and hydrology (Omernik and Gallant 1986). Each of these ecoregions has 
characteristic pattern of the above factors that shape and form the function of the watersheds 
within the area. The purpose of this separation was to identify regional characteristics. The 
Clatsop Plains contains two level IV ecoregion types: the Coastal Lowlands and the Coastal 
Uplands. 
The Coastal Lowland ecoregion occurs in the valley bottoms of the Oregon and 
Washington Coast. It is characterized by estuaries and terraces with low gradient streams, which 
are commonly channelized and diked. Elevations in the Coastal Lowland ecoregion range from 0 
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to 300 feet and the annual rainfall is between 60 to 85 inches (Omernik and Gallant 1986). The 
natural vegetation may include Sitka spruce, western hemlock, western red cedar, Douglas fir, 
grand fir, red alder and estuarine wetland plants (Franklin and Dyrness 1973). 
The Coastal Upland ecoregions extends along the Oregon and Washington coast. It is 
typically associated with the upland areas that drain into the Coastal Lowlands ecoregion. 
Coastal upland and headland terraces characterize the Coastal Uplands, with medium to high 
gradient streams. Elevations in this ecoregion range from 0 to 500 feet and the annual rainfall is 
between 70 to 125 inches (Omernik and Gallant 1986). The natural vegetation may include Sitka 
spruce, western hemlock, western red cedar, Douglas fir, grand fir and red alder (Franklin and 
Dyrness 1973). 
Population 
The current population of Clatsop County is approximately 35,700 according to a 2002 
estimate from the U.S. Census Bureau (2004). Between April 2000 and July 2002, the county’s 
population increased 0.5 percent. There was a seven percent increase between 1990 and 2000. 
The population of the Clatsop Plains is concentrated in Warrenton, Seaside, and along the 
Highway 101 corridor (Figure 2).  
 
Figure 2. Population density of the Clatsop Plains. 
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Climate and Topography 
Climate 
The climate of the Clatsop Plains is cool and damp with a distinctive dry and rainy 
season. Most of the rainfall occurs late fall through spring with a relatively dry summer and early 
fall (Frank 1970). Estimates of the average annual precipitation for the Clatsop Plains is about 80 
inches per year (200 cm/year) (Frank 1970; Bischoff et al. 2000). Annual rainfall in the foothills 
of the Coast Range to the east of the Clatsop Plains ranges between 80 and 125 inches per year 
(200 to 320 cm/year). Precipitation patterns reflect a strong orographic effect in which 
precipitation increases with elevation, as water-laden air masses rise over high terrain causing the 
air masses to cool and release precipitation (Bischoff et al. 2000; Snyder et al. 2002; Cole 2003). 
The average temperature ranges from about 36°F (2º C) in the winter to 72°F (22° C) during the 
summer (Cole 2003). Precipitation is primarily rain with rare snowfall occurrences that are short 
in duration (Bischoff et al. 2000). The highest precipitation events generally occur during 
November, December, and January (Snyder et al. 2002). 
Topography 
Topography in the Clatsop Plains is characterized by flat lowland bordered by rolling 
hills and sand dunes. In some areas, steep upland slopes are present, which provide sediment and 
organic material to the agricultural and developed land at lower elevation. The lowlands included 
historic floodplains, some of which were diked and drained for development purposes (Snyder et 
al. 2002). The sand dune ridges slope upward from the ocean to the base of the bedrock foothills. 
The highest points of the dune ridges, southwest of Warrenton, reach elevations of around 100 
feet (Frank 1970). 
Geology 
Bedrock in the Clatsop Plains area is primarily comprised of the Astoria Formation, fine-
grained, tightly compacted sandstone and silty shale that is relatively impermeable. Bedrock 
slopes gently to the west and has extensive faulting (Frank 1970; Beaulieu 1971). There are 
several small deposits of alluvial gravels, as well as areas of organic and peat soils. These peat 
soils are generally present in the interdunal and inland dune areas, where the dunes meet the 
coastal foothills (Sweet et al. 1981). Near the northern end of the Clatsop Plains, flood plain 
alluvium is present, including deposits of clay, silt and sand from the old Columbia River 
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Estuary, with thickness of up to 300 feet (Sweet et al. 1981). Detailed discussion of the geology 
and geologic history of the Clatsop Plains is discussed in the groundwater section (Chapter 2). 
Vegetation 
Vegetation data for the Clatsop Plains area was obtained from Coastal Landscape 
Analysis and Modeling Study (CLAMS 1996), a joint research effort of the USDA Forest 
Service, Pacific Northwest Research Station, Oregon State University, College of Forestry and 
the Oregon Department of Forestry to characterize vegetation of the Oregon Coast using 1995 
LANDSAT satellite images. Vegetation was divided into broadleaf, mixed, and conifer 
dominated stands. The conifer and mixed stands were further delineated into four categories 
based on size: small, medium, large and very large. Much of the Clatsop Plains is covered by 
woodlands, small coniferous forests and broadleaf forests (Figure 3). The small coniferous 
forests are located primarily to the west of Highway 101, in the Coast Range. The woodlands are 
mainly in the lowland areas, east of Highway 101 and the broadleaf forests are primarily in the 
northern part of the Clatsop Plains, near Warrenton (Figure 3). 
 
Figure 3. Vegetation of the Clatsop Plains. 
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Land Use 
Land use and land cover data were obtained from the Coastal Change Analysis Project 
(NOAA 1993). The National Oceanic and Atmospheric Association (NOAA) utilized 
LANDSAT satellite images of the Oregon coast to inventory various types of land cover and to 
some extent, determine its use. Large areas of grassland are located near the shore and along 
Highway 101, between Cullaby and Sunset Lakes (Figure 4). There are also extensive palustrine 
wetlands throughout the area, particularly south of Cullaby Lake and near Warrenton, east of 
Smith and Coffenbury Lakes (Figure 4). The large areas of evergreen forest east of Cullaby Lake 
in the foothills of the Coast Range is primarily non-industrial forest, although there are areas of 
industrial forest (Snyder et al. 2002), some of which are currently being logged. Land use in the 
Clatsop Plains has changed dramatically over the years, particularly with regard to a reduction in 
bare sand and open areas (Hansen and Harris 1974). Dune stabilization efforts were implemented 
in 1935 and continued through the 1970’s. Encroaching sand dunes threatened to cover homes 
and vegetation, so extensive efforts were conducted to vegetate the sand dunes and halt the 
movement of the dune sand (WDSWCD 1970). Further discussion of the past studies on land use 
in Clatsop County are presented Section 1.3. 
 
Figure 4. Land use and cover types in the Clatsop Plains. 
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Previous Studies 
The Clatsop Plains area and associated lakes have been studied in the past. E & S 
Environmental Chemistry has conducted watershed assessments on two watersheds within the 
Clatsop Plains, which are available from the Columbia River Estuary Study Taskforce (CREST) 
in Astoria, Oregon. The Necanicum River Watershed, was assessed in 2002 (Snyder et al.) and 
the Skipanon River Watershed, was assessed in 2000 (Bischoff et al.). 
The ground and surface water of the Clatsop Plains has been extensively studied over the 
years. Groundwater studies have focused on a general cataloging of the surface and ground water 
resources of the Clatsop Plains (Frank 1970; Tolle 1974), beneficial uses of the aquifer (Sweet 
1977; Sweet 1978; Centrac Assoc. 1981), protection of the aquifer (R.W. Beck and Assoc. 1981; 
R.W. Beck and Assoc. 1981a; Sweet et al. 1981; R.W. Beck and Assoc. 1982; R.W. Beck and 
Assoc. et al. 1982) and an investigation work plan (Weick 1995/6).  
Surface water studies have spanned a similar time frame as the ground water studies. The 
Clatsop Plains lakes were first studied in the 1970’s by McHugh (1972; 1979). The lakes were 
included in the Atlas of Oregon Lakes (Johnson et al. 1985). Further studies were conducted in 
the 1990’s (Aquatic Analysts 1990; Petersen 1994; Scientific Resources, Inc./Shapiro 1995). The 
watershed councils funded a study of Smith and Cullaby Lakes to conduct water quality testing, 
including sampling and testing for bacteria, along with an examination of the septic tank records 
for the homes surrounding Smith Lake. The final report written by Lisa Heigh, formerly of 
CREST, was lost and no copy was available, however, the raw water quality data was located 
and is available from the Center for Lakes and Reservoirs. Additionally, the Oregon Department 
of Environmental Quality has conducted water quality testing on these four lakes for many years 
and this data is available through their LASAR database on their website. 
The geology of he Clatsop Plains has been studied more recently, particularly the 
complex of dune ridges that influence the topography, groundwater and surface water of the area 
(Rankin 1983; Reckendorf et al. 2001). Land use in the Clatsop Plains has been examined, 
particularly changes over long periods of time (Hansen and Harris 1974; WDSWCD 1970). An 
inventory of land use on private lands was also conducted (Nature Conservancy 1974). A study 
of the use of septic tanks in the Clatsop Plains was also conducted in the late 1970’s by CH2M 
Hill (1972). A brief discussion of the wetlands of the Clatsop Plains can be found in Akins and 
Jefferson (1973). 
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Introduction 
The unconsolidated beach and dune sand of the Clatsop Plains in combination with 
abundant winter rainfall produce a locally significant freshwater aquifer (Frank, 1970). This 
unconfined aquifer is relatively close to the surface resulting in over 20 lakes and numerous 
wetlands in many of the interdunal swales (Frank, 1970; Shapiro, 1995). Stream inputs or 
outputs to many of the lakes and wetlands are absent suggesting a strong relationship between 
the surface water and shallow ground water systems. Nutrient input to the interdunal lakes of the 
Clatsop Plains through ground water seepage has been identified as a possible problem. This 
concern is based on increased development around the lakes and the use of septic tanks for 
sewage treatment (Shapiro, 1995). Nitrogen and phosphorus brought into the lakes through 
ground water seepage may ultimately increase the trophic status of the lakes. 
This chapter examines physical and chemical processes in the unconfined coastal aquifer. 
Specifically, the alignment of hydrogeologic data with the temporal and spatial actions of 
geologic processes that produced and modify the dune/beach system (Atwater, 1987; Darienzo 
and Peterson, 1995; Duffin, 2002; Peterson et al., 2004), the physical interactions between the 
ground water and surface water systems, the hydrochemistry of the shallow aquifer, and the 
processes that may affect movement of nutrients through the shallow aquifer, across the ground 
water-surface water interface, and into the interdunal water bodies of the Clatsop Plains.    
Methods 
Piezometer  
Piezometer Construction 
Piezometers are constructed of 2 inch (5.1 cm) schedule 40 PVC pipe. The bottom one 
foot of the piezometer is slotted and screened using a standard landscaping sand screen (ASTM 
D6707). The slots were cut using a standard band saw. The average length of the slots is 1.5 
inches (3.8 cm) and the slot density is approximately 20-30 per foot (30.5 cm). The screen is 
attached to the outside of the piezometer using 100% silicon rubber adhesive. All PVC 
connections were made in the field using PVC primer and PVC cement. 
The top of the piezometers are cut so that at least 6 inches (15 cm) of casing extends 
above the ground surface. The exact length of above ground casing is determined at each site 
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with consideration for the location and landowner. The top of the piezometers are capped using a 
screw cap equipped with a vent tube. Figure 1 is a schematic drawing showing the piezometer 
design. 
 
 
Figure 1: Components of the piezometers used to sample groundwater in the Clatsop Plains. 
Piezometer Installation 
Piezometer installation took place between October 2002 and January 2003.  Piezometers 
were installed using a hand-powered 3 inch diameter sand auger. This method is capable of 
reaching depths up to 25 feet below the surface. However, the sand auger is ineffective below the 
water table due to the decreased cohesion of saturated sand. As a result, all piezometers were 
installed 6 to 12 inches (15 – 30 cm) below the local water table. Piezometers were assembled 
Screen 
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“on site” and placed into the freshly augered hole. Stratigraphic logs were recorded during 
piezometer installation and sediment samples were collected for grain size analysis. Well tags 
were attached to all piezometers and well logs were completed and submitted to the Oregon 
Water Resource Department. The elevation of each well was later determined by a total station 
survey that will be described in a later section. 
Location of Sampling Sites 
Water sampling sites, both surface water and ground water, are located throughout the 
Clatsop Plains. Locations were evaluated primarily upon site accessibility and the value of 
potential data to address project objectives. The goal was to establish a network of piezometers 
and surface water sample locations capable of giving an accurate representation of the aquifer 
over the entire Clatsop Plains while at the same time able to provide higher resolution data in 
critical areas where knowledge regarding flow direction is questionable or where knowledge of 
the flow direction is critical.  
Figure 2 is a map of the Clatsop Plains showing the location of water collection and 
monitoring sites. Many of the ground water sites were sampled regularly for chemical analysis 
while the surface water sites were sampled more sporadically. Sites were also monitored for 
fluctuations in water levels. Table 1 provides a geographic description of all the sites indicated 
on Figure 2. Table 2 describes the stratigraphy encountered during piezometer installation. 
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Figure 2: Location and name of all water sample locations 
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Table 1: Description of all water sampling locations 
Site name Type utm E utm N Description 
Bren ground water 429277 5102772 Located near the western shore of West Lake 
CofE ground water 425780 5113820 Located near the eastern shore of Coffenbury Lake 
Cook surface water 429063 5098385 Neacoxie Creek just north of Gearhart 
Culb-A surface water 429783 5104932 Skipanon River at outlet of Cullaby Lake 
CULP ground water 429877 5103303 
Located in a boggy area in the southern portion of Cullaby county park 
east of Cullaby Lake 
DelW surface water 429263 5102067 
Culvert on Delmoor Loop Road that connects north and south West 
Lake 
Demo ground water 426939 5107897 Western portion of Camp Rilea 
DLUR ground water 425758 5111318 On the back edge of the active fordune just north of Camp Rilea 
Dump surface water 427801 5112002 Small stream near the old Warrenton landfill site 
FSCN surface water 425216 5115472 Small stream just north of campgrounds in Fort Stevens State Park 
FSNJ ground water 424605 5116320 Just south of jetty in Fort Stevens State Park 
Hint ground water 429893 5098095 Boggy area east of Gearhart 
John ground water 429519 5102554 Located near the eastern shore of West Lake 
Loon surface water 430470 5101281 Bridge on Lounsberry Road over Cullaby Creek 
Paci surface water 429677 5097197 Lake Karen 
Perk surface water 428932 5108739 Skipanon River at bridge on Perkins Road 
PetI-A ground water 424927 5114322 West of Coffenbury Lake near constructed wetland 
PetI-d ground water 424929 5114314 West of Coffenbury Lake near constructed wetland 
PetI-s surface water 424927 5114322 Constructed wetland west of Coffenbury Lake 
PSee surface water 428767 5100805 Neacoxie Creek just south of Surf Pines Road 
Psee (spring) surface water 428767 5100805 Small spring discharging into Neacoxie Creek at site PSEE 
Ril4 ground water 426325 5110725 Northwest corner of Camp Rilea 
RilB ground water 426845 5110943 Northeast corner of Camp Rilea near wetland 
RilG surface water 428204 5108133 East Neacoxie Creek near entrance to Camp Rilea 
RilM ground water 426694 5109362 Western portion of Camp Rilea 
RILN surface water 427424 5109396 West Neacoxie Creek in Camp Rilea 
SEPP ground water 428687 5102858 Southeast shore of Sunset Lake 
SLRE ground water 427526 5106866 East of Slusher Lake in Camp Rilea 
SLRS ground water 427435 5106499 Southwest of Slusher Lake in Camp Rilea 
SLSR surface water 427236 5107109 Slusher Lake at boat ramp 
SRPH ground water 428033 5103147 Small marshy area in Surf Pines 
SRPN ground water 427728 5104265 Northern end of Surf Pines development 
SRPS ground water 428216 5101480 Southern end of Surf Pines development 
SUNB surface water 427643 5105492 
Wetland west of Sunset Lake along the southern side of Sunset Beach 
Road. 
SUNP ground water 428130 5105733 Western edge of Sunset Lake at public boat ramp 
SUNS surface water 428194 5105649 Sunset Lake at public boat ramp 
SURP ground water 429164 5100844 Southwest corner of Surf Pines Lane and Highway 101 
WACE ground water 427182 5111387 Western edge of Wild Ace Lake 
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Table 2: Stratigraphic observations made during piezometer installation 
Site name Stratigraphic Description 
Bren 0 - 0.35 m topsoil, 0.35 - 0.55 soil b horizon with iron accumulation, 0.55 - .96 m sand 
CofE 0 - 1.33 m brown sand turning grey at water table. 
CULP 0 - 1.523 m peat 
DLUR 0 - 2.185 m sand, wood fragment encountered at 1.77 m 
Demo 0 - 1.56 m sand 
FSNJ 0 - 2.07 m sand 
Hint 0 - 3.7 m light grey sand 
John 0 - 0.3 m topsoil, 0.3 - 0.5 soil b horizon with iron accumulation, 0.5 - 1.38 m sand 
PetI-A 0 - 0.02 m topsoil, 0.02 - 0.25 m oxidized sand with strong iron mottling around roots, 0.25 - 1.08 m sand 
PetI-d 0 - 0.8 m brown sand, 0.8 - 1.265 m blueish sand, wood fragments encountered 
Ril4 0 - 2.42 m sand 
RilB 0 - 1.1 m sand, 1.1 m - 1.15 m peat, 1.15 - 1.81 m sand 
RilM 0 - 2.445 m sand 
SEPP 0 - 1.816 m sand 
SLRE 0 - 2.64 m, gray/brownish sand at about 2 m, dark grey sand at water table 
SLRS 0 - 2.07 m brown sand changing to blueish grey at water table 
SRPH 0 - 1.83 m sand 
SRPN 0 - 2.85 m sand, wood fragments at 2.54 m 
SRPS 0 - 1.81 m sand with mottling near the surface 
SUNP 0 - 1.04 m very organic rich soil, grey sand encountered near bottom of hole 
SURP 0 - 0.15 m topsoil, 0.15 - 0.8 m orange brown sand, 0.8 - 4.60 m grey sand  
WACE 0 - 0.2 m topsoil, 0.2 - 0.7 m peat, 0.7 - 1.6 m sandy peat 
 
Grain Size  
Sediment samples were collected for grain size analysis during piezometer installation. 
Grain size analysis was performed for samples collected at three sites. In addition, at two of the 
sites samples were collected at various depths below the surface. 
Grain size determinations were made using a set of screened sieves and a sediment 
shaker. Sediment was placed in the top of a column of sieves and shaken for approximately 15 
minutes. The weight of the sediment retained on each screen was then determined. A uniformity 
coefficient was calculated based upon the d10 and d60 values. These values indicate the grain 
diameter at which 10% and 60% of the sediment is finer. A uniformity coefficient was computed 
using Equation 1 (Fetter, 1994). 
 
  Cu = d60/d10      Equation 1 
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Estimates of hydraulic conductivity were made using the Hazen Method. This is an 
empirical equation based upon the distribution of grain size. The coefficient C is based upon the 
sorting and size of the sediment. Equation 2 represents the Hazen equation (Fetter, 1994).  
 
  K = C(d10)2      Equation 2 
   K = Hydraulic Conductivity (cm/s) 
   d10 = Effective Grain Size (cm) 
   C = Coefficient 
 
Elevation Survey  
Benchmarks 
Elevation control for the network of piezometers and water level measuring sites was tied 
into benchmarks on the Clatsop Plains. The geodetic information for the benchmarks was 
obtained from the National Geodetic Survey Database (2003) and is presented in Table 3. 
Table 3: Benchmarks used in elevation determination of surface water measurement points. 
benchmark 
utm E 
(m) 
utm N 
(m) latitude longitude 
elevation 
(m) 
horizontal 
datum 
vertical 
datum 
bm sc 1033 429084.2 5102884.8 
46° 4' 
33.09323'' 
123° 55' 
1.55306'' 9.742 NAD 83 
NAVD 
88 
bm sc 0611 429090.6 5100753.6 
46° 3' 
24.05080'' 
123° 55' 
0.11141'' 20.911 NAD 83 
NAVD 
88 
bm sc 0604 428731.8 5106651.6 46° 06' 35'' 123° 55' 20'' 13.448 NAD 83 
NAVD 
88 
ah 8187 424484.5 5114268.8 
46° 10' 
40.11315'' 
123° 58' 
42.18876'' 8.6 NAD 83 
NAVD 
88 
 
Equipment and Methods 
Surveying the location and elevation of piezometers and surface water measurement sites 
was completed using a Sokkia SET4B II total station with a Sokkia SDR33 data logger. All 
locations were surveyed using a traverse method. Each survey line began at either a benchmark 
or a previously surveyed location. The survey line was then extended until the desired locations 
were surveyed. Under ideal conditions the survey lines were extended back to the starting point 
to determine and correct for closure error. However, due to time constraints this was not always 
done.  
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At each station location, several measurements were made in order to ensure quality data. 
Each measurement was double centered which involves taking a normal or F1 reading and then a 
reverse or F2 reading. This allows for correction of error resulting from poor aiming of the total 
station. For each station set-up the slope distance and vertical angle were determined to a known 
location and to an unknown location. This measurement was then repeated.  
The data were collected using the SDR33 data logger and downloaded directly into a 
computer for correction and analysis. Equations 3 and 4 were used to perform the double 
centered correction for horizontal angle. Equation 5 was used to perform the double centered 
correction for vertical angel measurements. 
 
 
 If f1 > f2: 
  
2
))21(180(1 fffHARCorrected −−+=    Equation 3 
 If f1 < f2:  
  
2
))12(180(1 fffHARCorrected −−−=    Equation 4 
   f1 = face 1 angle 
   f2 = face 2 angle 
   HAR = horizontal angle 
  
  
2
)21360(1 fffVACorrected −−+=     Equation 5 
   VA = vertical angle 
 
The elevation at each survey point was calculated using the corrected vertical angle, the 
slope distance, the reflector height, the instrument height, and simple trigonometric relationships. 
The final elevation was calculated by determining the total error of the traverse, if available, and 
distributing the error over the entire distance using the compass rule. 
Water Level Measurements 
The depth to water was measured inside the piezometers using a Slope Indicator Co. 
model 51453 water level indicator. This measurement was taken from the top of the well casing. 
In addition, the height of the casing above the ground surface was also measured in order to 
monitor possible disturbance to the piezometer between measurements. Depths were re-
measured if there was any doubt as to the accuracy of the first measurement. 
Surface water measurements were made from the structures or survey markers discussed 
in the survey methods sections. These measurements were conducted using a calibrated 
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measuring staff, a tape measure, and a string and line level where necessary. Survey markers 
were also monitored to determine whether disturbance had taken place between measurements. 
All measurements were made to either 1/100th of a foot or 1/200th of a meter depending upon the 
measuring device.  
Lake Budget Analysis 
Mass Balance Equation 
Lake budgets were estimated using a mass balance approach. This is represented by 
Equation 6 which states that input minus output equals a change in storage. Equation 7 can be 
disaggregated into the individual components of lake input and output and solved for the net 
ground water inflow into the lake (Sacks et al., 1998). This is shown in Equation 7 with P 
representing direct precipitation to the lake, S stream flow into or out of the lake, and E 
evaporation from the lake surface. A positive net ground water inflow represents a net water 
movement from the aquifer to the lake. A negative net ground water inflow represents a net 
water movement from the lake to the aquifer. The sign of the net ground water inflow does not 
indicate that there is only one direction to the ground water – lake water interaction; it simply 
indicates which direction is dominant for the calculation interval. The value of net ground water 
input was computed for one month periods and normalized to lake area. 
  
  ΔS = Input – Output      Equation 6 
  
  ESSPSInputrGroundwateNet outin ++−−Δ=   Equation 7 
 
Precipitation 
Precipitation data were downloaded from the National Climatic Data Center (2004). 
These data are daily precipitation as measured at the Astoria regional airport, Clatsop County, 
Oregon. For this calculation, precipitation is assumed to be relatively constant over the Clatsop 
Plains.  
Evaporation 
Evaporation was estimated using the temperature-based Hargreave’s Equation 
(Maidment, 1993). This method is based on the following set of equations. 
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  )8.17)()()(0023.0( += TSE To δ     Equation 8 
   E = evaporation (mm/day) 
   T = temperature (ºC) 
   δT = average difference between monthly low and     
          high temperature 
  
  )sincoscossinsin(392.15 ssro dS ωδφδφω +=   Equation 9 
   So = Extraterrestrial Solar Radiation (mm/day) 
   φ = site latitude 
   )tantanarccos( δφω −=s  
   ωs = sunset hour angle (radians) 
 
  ⎟⎠
⎞⎜⎝
⎛ −= 405.1
365
2sin4093.0 Jπδ     Equation 10 
   δ = solar declination (radians) 
   J = julian day 
 
  ⎟⎠
⎞⎜⎝
⎛+= Jdr 365
2cos033.01 π      Equation 11 
   dr = relative distance between earth and sun 
 
 
 
 
 
 
Stream flow 
Stream flow was measured by determining a cross-sectional stream profile and then 
subdividing it. The area of each subdivision is then calculated. The water velocity is measured in 
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each subdivision either using a flow meter or floating debris. The total stream flow is simply the 
summation of the product of the velocity and the area for each subdivision.  
Equation 12 was used to calculate the stream flow at the outflow to Cullaby Lake as the 
water flows over a control dam. This is an empirical equation for use with a rectangular weir 
(Fetter, 1994).  
 
  2/3)2.0(84.1 HHLQ −=      Equation 12 
   Q = stream flow (m3/s) 
   L = length of weir crest (m) 
   H = height of backwater above weir crest (m) 
Water Sample Collection 
Water samples were collected from piezometers using a dedicated bailer. Piezometers 
were purged of at least one column-volume of water and the conductivity was monitored for 
stabilization before collection of ground water samples. Sample collection proceeded after one 
column volume had been removed and successive conductivity measurements were within 5%. 
However, since some piezometers are located near the Pacific Ocean, conductivity may naturally 
fluctuate if sampling is occurring from a salt water / fresh water transition zone. In the case that 
conductivity did not stabilize, sampling proceeded after three column volumes of water had been 
removed. Surface water samples were collected directly from a representative location such as 
the main flow of a stream. 
On-Site Measurements  
Conductivity, pH, temperature, dissolved oxygen and Eh measurements were made in the 
field using a YSI 556 MPS multi-meter with the appropriate probes. Dissolved oxygen 
measurements were also made using a Winkler titration at 10-20% of all sites. The YSI meter 
was calibrated or field checked daily to ensure accurate and consistent measurements. 
Calibration standards were provided by the Oregon Department of Environmental Quality and 
are outlined in Table 4.  
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Table 4: Calibration standards and procedures. 
Parameter Standard Method 
pH 4, 7, 10 3 point calibration 
Conductivity 
1407, 147.0 
(µs/cm) 
Calibration with one standard and a 
field check with the other 
ORP 476 (mV) one point calibration 
Temp na no calibration 
DO na 
calibrated at specific elevation and 
atmospheric pressure 
 
Sample Filtration and Preservation 
Three samples were filtered at each location for cation, anion, and dissolved nutrient 
analysis using 0.45 μm membrane filters. One unfiltered sample was collected for total nutrient 
analysis. The cation samples were acidified in the field using nitric acid and the total nutrient 
samples were acidified using sulfuric acid. 12 drops of sulfuric acid were added to each 500 ml 
of sample and 24 drops of nitric acid were added to each 250 ml of sample for a target pH of less 
than 2.  All samples were placed on ice immediately after collection for transport to the 
laboratory. Nutrient samples were delivered to DEQ laboratory within 48 hours for analysis. 
Anion analysis 
Anion determinations were made in the Trace Element Analytical Laboratory at Portland 
State University using a Dionex ion chromatograph system consisting of LC25 chromotography 
oven, CD25 conductivity detector, and GP50 gradient pump with an IonPac AS14A column. All 
chromatography was done using a carbonate-bicarbonate eluent. Table 5 contains the optimal 
range, detection limits, average % error based on analysis of known samples, 2 standard 
deviation % error based on replicate samples, and an overall error for each anion.  
Standards were prepared by dilution from a concentrated seven anion standard. Chloride 
standards were prepared using potassium chloride. As a further quality check, standards were 
also included with the samples during analysis to monitor accuracy and precision. The optimal 
range reflects the standard curve that was used for instrument calibration. Detection limits are 
based on 3 standard deviations of background signal. Average % error based on known samples 
was calculated from analysis of prepared standards. The 2 standard deviation % error was 
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calculated based upon replicate samples. The overall % error was established based upon both 
the analysis of known samples and replicate samples.  
Table 5: Optimal range, detection limit, replicate error, absolute error, reporting limit, and overall working 
% error for anion analysis. 
anion optimal range (ppm) 
detection 
limit (ppm) 
average % error 
(based on known 
samples) 
2 standard 
deviation % error 
(replicate samples) 
working 
% error 
Cl- 3 – 150 0.018 4.8 2.23 5 
Br- 0.03 – 2 0.020 7.2 7.21 10 
NO3-2 0.03 - 10.0 0.081  0.06  
PO4-3 0.04 - 56.00 0.020  0.09  
SO4-2 0.04 - 56.00 0.008 2.7 1.44 5 
 
Cation analysis 
All cation analyses were performed at Portland State University in the Trace Element 
Analytical Laboratory using a Perkin Elmer AAnalyst 300 atomic absorption spectrometer. All 
cations were analyzed using an air-acetylene flame with the wavelengths and slit widths 
presented in Table 6. To ensure proper ionization, matrix modifiers were added to the analyte 
based on Perkin Elmer (1994). These matrix modifiers are also presented in Table 6. Cations 
were analyzed in four separate batches. Where initial concentration was greater than the optimal 
range sample dilutions were made. Cation standards were prepared by dilution from 
commercially available standard solutions. Instrument calibration was performed using prepared 
standards before each analysis session. 
Table 6: Atomic Absorption parameters used for cation analysis. 
ion 
optimal 
range 
(ppm) 
wavelength 
(nm) 
slit 
width 
(mm) fuel mix 
matrix 
modifiers 
Ca 0.2 - 20 422.7 0.70 air-acetylene La2O3 , KCl 
K 0.1 - 2 766.5 0.70 air-acetylene La2O3 
Na 0.03 - 1 589.0 0.20 air-acetylene KCl 
Mg 0.02 - 2 285.2 0.70 air-acetylene La2O3 , KCl 
Fe 0.3 - 10 248.8 0.70 air-acetylene Mg 
Mn 0.1 - 10 279.5 0.20 air-acetylene Mg 
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Detection limits for each ion were determined using the method presented by Beaty and 
Kerber (1993). This method is based upon the standard deviation of the absorbance of the 
analytical blanks. A percent error was calculated based upon replicate samples. This % error 
represents the ± 2 standard deviations. A % error was also calculated based upon analysis of 
known samples. This % error is simply an average of the error associated with the analysis of 
samples of known concentration. The working % error is used in graphs and other visual 
analysis. The % error is based upon both the error associated with replicated samples and known 
sample analysis. A summary of the detection limits, reporting limits, and % error is presented in 
Table 7. These values are based upon averages of all atomic absorption sample batches. 
Table 7: Detection limits, reporting limits, and % error for atomic absorption cation analysis. 
cation 
detection 
limit (ppm) 
reporting 
limit (ppm) 
% error 
(replicates) 
% error 
(knowns) 
working % 
error 
Ca2+  0.02 0.1 2.6 9.8 10 
Mg2+ 0.001 0.1 1.8 11.8 15 
Na+ 0.02 0.1 7.3 4.9 10 
K+ 0.02 0.1 2.8 3.8 5 
Fe2+ 0.09 0.1 1.8 13.7 15 
Mn2+ 0.16 0.2 1.7 4.6 5 
      
Geology of the Clatsop Plains 
Dune Morphology 
The dominant topographic features of the Clatsop Plains are the dune ridges that parallel 
the coastline. These dune ridges have elevations between 6 and 30 m (20 and 100 ft) above sea 
level with a height above the interdunal valleys between 2 and 27 m (7 and 88 ft). The highest 
dune elevations are located inland from the active foredune and from this point elevation 
generally decreases both to the east and west. Where the interdunal valleys are below the water 
table, lakes or wetlands are present. The dunes are typically asymmetrical with a steeper west 
slope. The typical dune slope ranges between 3 and 27 degrees (Rankin, 1983).  
Reckendorf et al. (2001) mapped 17 dune ridges on the Clatsop Plains and recognized 
five groupings of dune ridges. The two youngest dune ridges are solitary ridges, but the three 
older dune ridges are actually clusters of smaller dune ridges located close together. The five 
main dune ridge groupings are continuous over the length of the Clatsop Plains with the 
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exception of a few minor breaches and gaps. The smaller individual dune ridges that compose 
the three older dune groups are less continuous. Figure 3 shows the location of the five main 
dune ridge groupings (Reckendorf et al., 2001). 
 
Figure 3: Map of the Clatsop Plains showing location of the five main dune ridge groupings relative to the 
major interdunal lakes. (Reckendorf et al., 2001). 
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Stratigraphy 
The stratigraphy of the Clatsop Plains consists of sedimentary bedrock units of Tertiary 
age overlain by unconsolidated to weakly consolidated sand deposited during the Quaternary 
(Frank, 1970; Sweet, 1981). The hydrogeologic properties of these stratigraphic units are 
significantly different with the Tertiary bedrock units having relatively low permeability when 
compared to the highly permeable Quaternary units (Frank, 1970). A stratigraphic diagram based 
upon the work of Niem and Niem (1985) is presented in Figure 4. This diagram shows the 
inferred relationship between the bedrock and the unconsolidated Quaternary sediments.  
The lower permeability bedrock of the Clatsop Plains includes the Astoria Formation and 
Smugglers Cove formation. A description of the stratigraphic and structural relations of these 
units is provided by Niem and Niem (1985). The older Smugglers Cove formation crops out in 
the foothills of the Coast Range in the northern part of the study area while the Astoria 
Formation crops out in the southern foothills. The contact between the Smugglers Cove and 
Astoria formations is located just south of Cullaby Lake as shown in Figure 5. Both formations 
dip to the south between 10 and 30 degrees 
The Smugglers Cove formation is upper Eocene to lower Miocene and is composed 
mainly of bioturbated tuffaceous marine siltstone. Total thickness is estimated at 1000 m. The 
Astoria Formation is lower to middle Miocene and composed primarily of massive to laminated 
marine mudstone with minor lenses of arkosic sandstone. Total thickness of the Astoria 
Formation is estimated between 200 and 1000 m. Sills and dikes of Columbia River Basalt (Pfaff 
and Beeson, 1987) are present in the Coast Range to the south east of the Clatsop Plains and also 
to the northeast in Astoria. However, there is no indication of these sills and dikes in the 
immediate vicinity of the Clatsop Plains (Niem and Niem, 1985). 
The hydrogeologic properties of the Smugglers Cove and Astoria formations are not 
reported, but both formations are assumed to have relatively low permeability due to the 
predominance of mudstone and siltstone. Yields from water wells screened in these units support 
this assumption. The two wells found near the Clatsop Plains completed in these units show 
specific capacities of 0.004 gpm/ft and 0.3 gpm/ft based on one hour of pumping. For 
comparison, specific capacities for wells completed in the dune sand range between 2 and 48 
gpm/ft based upon one hour of pumping. Therefore, the Tertiary bedrock units are assumed to 
contribute little ground water and, where ground water may discharge from these formations it is 
Clatsop Plains Lake Management 
Chapter 2. Hydrogeology of the Clatsop Plains Aquifer 
 17
likely to be localized and possibly fracture controlled as is indicated by the description of the 
water bearing zone in well CLAT 50581 which is completed in bedrock. 
The relation between the unconsolidated Quaternary sediment of the Clatsop Plains and 
the underlying bedrock is poorly known. Based upon the geologic map compiled by Niem and 
Niem (1985), the Smugglers Cove formation probably underlies the northern portion of the 
Clatsop Plains while both the Astoria Formation and Smugglers Cove formation may underlie 
the southern portion.  
Within the unconsolidated Quaternary sediment, the stratigraphy of the Clatsop plains has 
traditionally been viewed as simply beach and dune sand deposited on an impermeable marine 
sediment terrace. Figure 6 represents the general geologic model that has been used in previous 
hydrogeologic work (Sweet, 1981). Although this representation provides a useful general 
geologic model of the area it may inadequately explain local hydrological variations. The 
potential inadequacy of the model in Figure 6 to explain local hydrological variations is based 
upon recent research which indicates a more complex internal stratigraphy of the dunes than was 
previously recognized. Research by Atwater (1987), Darienzo and Peterson (1995), Duffin 
(2002), and Peterson et al. (2004) focus on the geologic processes that have acted through time to 
form the dune ridges. These processes and their impact on the hydrogeology of the dunes will be 
discussed in the following section. 
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Qbs: Holocene Beach Sand A well-sorted fine- to 
medium-grained quartzo feldspathic sand with localized 
deposits of heavier minerals such as ilmenite and 
magnetite.  
 
Qal: Quaternary Alluvium Clay, silt, sand, and gravel 
deposits associated with the Columbia River and the 
Skipanon River in the northern portion of the Clatsop 
Plains 
 
Qds: Quaternary Dune Sand Active and inactive 
Holocene and Pleistocene dune sands. Deposits are 
well-sorted, fine-grained quartzo feldspathic sand with 
cross bedding, heavy mineral laminae, paleosols, and 
peat deposits in the interdunal wetlands. 
 
Qt: Quaternary Terraces Elevated terraces of alluvial 
silt, sand, and gravel as well as tidal flat deposits. 
 
Tac: Astoria Formation, Cannon Beach Member 
Massive to laminated mudstone of mid to lower 
Miocene age. 
 
Tac1: Astoria Formation, Cannon Beach Member 
Miocene Mudstone with thinly bedded fine-grained 
carbonaceous sandstone. 
 
Taw: Astoria Formation, Wickiup Mountain Member 
Miocene feldspathic sandstone. 
 
Tsc: Smuggler Cove formation (informal) Thickly 
bedded, bioturbated claystone and mudstone with a few 
volcanic sandstone beds, tuffs, and clastic dikes. Lower 
Miocene to upper Eocene. 
 
Tsc2: Smuggler Cove Formation (informal) Lower 
Miocene to upper Eocene structureless tuffaceous 
siltstone. 
 
Tscg: Smuggler Cove Formation (informal)  Lower 
Miocene to upper Eocene 10-15 meter thick layer of 
glauconitic sandstone separating Tsc1 and Tsc2 where 
present. 
 
Tsc1: Smuggler Cove Formation (informal)  Lower 
Miocene to Upper Eocene thickly bedded tuffaceous 
and sandy siltstone. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Description and stratigraphic relationship of the geologic formations comprising the Clatsop Plains 
(Niem and Niem, 1985). 
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Figure 5: Surface geology of the Clatsop Plains, OR based on the work of Niem and Niem (1985) and Rankin 
(1983). 
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Figure 6: General Geologic Model based on Sweet (1981) 
 
Niem and Niem (1985) report the presence of Quaternary terraces in the northeast portion 
of the Clatsop Plains (Figure 3). The alluvial and marine tidal deposits of the terraces appear to 
overlie Smugglers Cove formation. The spatial extent of the terraces (Figure 6) and their 
relationship with the dune and beach sand is not well understood. It is unclear whether dune sand 
overlies these terrace deposits in portions of the Clatsop Plains. 
Quaternary beach and dune sand is the predominant geologic unit of the Clatsop Plains 
(Frank, 1970; Rankin, 1983; Niem and Niem, 1985; Herb, 2000). The dune sand grains are 
primarily quartz with lesser amounts of feldspar. The mineral composition of the beach sand is 
similar, but also contains lag deposits of heavier minerals such as magnetite and ilmenite (Frank, 
1970; Woxell, 1998; Duffin, 2002). The proportions of each mineral are not reported for the 
Clatsop Plains. Rankin (1983) reports the average grain size of the beach and dune sand is 0.18 
mm with a standard deviation of 0.37 mm. Lag deposits on Long Beach Peninsula, Washington, 
which shares a common sand source, were found to have a mean grain size of 2.71 phi (0.15 
mm) and a standard deviation of 0.35 (Duffin, 2002).  
The primary source of the Quaternary beach and dune sand is the Columbia River (Herb, 
2000). The sediment load of the Columbia River is transported offshore where ocean currents 
and wave action transport the sand onto the beach. From the beach, sand is blown inland and 
deposited as dunes (Duffin, 2002). As a result of these processes the sediment along the coastline 
is beach sand. However, from the coastline inland to the Coast Range the predominant surface 
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sediment is dune sand. As the coastline prograded during the Holocene, dune sand was deposited 
on top of previously formed beach deposits (Duffin, 2002). This stratigraphic relationship is 
prominent in ground penetrating radar (GPR) profiles; however, the hydrogeologic significance 
is unclear. There appears to be no significant differences in grain size with depth indicating that 
the beach and dune sand is of similar grain size (Woxell, 1998; Frank, 1970; Duffin, 2002). 
However, core logs produced by Herb (2000) indicate distinct layers of larger grain size within 
the otherwise homogenous sand. These layers appear to have no correlation with either depth or 
ravinement surface. Another potential difference between the beach and dune sand is the 
presence of heavy mineral lag deposits. These deposits are confined to the beach facies (Duffin, 
2002). In addition to having a slightly smaller grain size, the different mineralogy of these grains 
could influence the chemical composition of the ground water of the Clatsop Plains by 
differential solution (White et al., 1994).  
Although stratigraphic variability within the unconsolidated Quaternary deposits is not 
well defined, the information from driller’s logs for water wells provides insight into potential 
heterogeneity.  The log for well CLAT 50393 indicates “clay” lenses within the aquifer. Due to 
the lower hydraulic conductivity of the finer grained “clay”, these lenses could impact local 
ground water flow. However, the abundance and spatial distribution of “clay” lenses is unknown. 
Herb (2000) also indicates the presence of lagoonal deposits within the dune and beach sand of 
the Clatsop Plains. In addition, well logs presented by Herb (2000) and Frank (1970) indicate the 
presence of logs and other woody debris within the sand which could ultimately influence 
ground water chemistry as will be discussed later.   
Quaternary alluvium is encountered in the northern Clatsop Plains near the Skipanon and 
Columbia rivers (Figure 3) where wells CLAT 301 and CLAT 302 indicate that these deposits 
may be inter fingered with the dune sand. Work by Baker (2002) indicates estuarine deposits 
may also be inter-fingered with the dune sand in this area. Paleo-channel location of the 
Columbia River may also impact the stratigraphy in this portion of the aquifer. Seismic track 
lines presented by Baker (2002) indicate an incised paleo-channel for the Columbia River in the 
area offshore from Coffenbury Lake. The thalweg for this channel is located at a depth of 
approximately 308 ft (94m). The presence of the paleo-channel suggests river deposits may be 
located beneath the sand in this area. 
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One consistent observation among the well logs throughout the Clatsop Plains is a fine- 
to medium-grained brown sand overlying a fine-grained blue/grey /tan sand with shell fragments. 
The depth of this contact varies with location from a minimum depth of 20 ft (6.1 m) to a 
maximum 90 ft (27.4 m), but is generally between 50 ft (15.2 m) and 70 ft (21.3 m) below the 
local ground surface. The importance of this observation to the hydrology of the Clatsop Plains is 
currently unknown.  
The recent discovery of paleosols within the dunes of the Clatsop Plains adds another 
complexity to the local hydrogeology (Woxell 1998; Peterson et al, 2004). Although GPR 
surveys indicate that the water table is continuous through dipping paleosols the potential for 
paleosols to alter ground water flow needs further investigation (Peterson et al, 2004). In 
addition, the affect of paleosols on water chemistry is unknown. Paleosol formation will be 
discussed in the following section. 
Figure 7 is a GPR profile of the Clatsop Plains showing the internal stratigraphy of the 
dunes (Peterson et al., 2004). This profile shows the bedding planes within the dunes. In 
addition, beach retreat scarps, dune slumps, and paleosols are revealed. The formation of these 
features will be discussed in a later section. The ability of GPR to detect the water table within 
the sand dune environment is clearly demonstrated. 
Rankin (1983) describes surface and shallow stratigraphic deposits throughout the 
Clatsop Plains that differ significantly from the typical medium-grain size beach and dune sand. 
These deposits include gravels in the southern portion of the study area near Lake Karen as well 
as extensive areas of peat. Figure 5shows the approximate locations of the peat and gravel 
deposits.  
Peat is actively forming in many of the wetland areas of the Clatsop Plains. Peat 
thickness ranges up to 15 ft (4.6 m) with the thickest and most extensive deposits located west 
and south of Cullaby Lake.  Peat deposits south of Cullaby Lake near Lake Karen range from 1.5 
ft (0.5 m) to 7.5 ft (2.3 m) in thickness. North of Cullaby Lake peat deposits are generally thinner 
but near Smith Lake attain a thickness of 9 ft (2.8 m). North of Smith Lake near Warrenton the 
peat is typically 1.5 ft (0.5 m) thick or less (Rankin, 1983). Well logs presented by Herb (2000) 
also indicate the possibility of buried peat within the dune and beach sand. 
The overall thickness of the Quaternary deposits generally increases from east to west as 
the elevation of the dunes increases and the elevation of the bedrock contact decreases. Figure 8 
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is a map indicating the depth to bedrock as interpolated from existing driller’s logs for water 
wells. The greatest thickness of the Quaternary sediments is in the northwest corner of the map. 
This interpolation is supported by an observed depth to bedrock of about 350 feet (107 m) in 
well CLAT 50630 which is located in the northwest portion of the Clatsop Plains as well as 
offshore seismic track lines showing a depth to bedrock of about 308 ft (94 m) (Baker, 2002). 
Unfortunately, the majority of wells in the western Clatsop Plains do not reach bedrock and so 
the exact thickness of the Quaternary deposits in many areas is unavailable.
Clatsop Plains Lake Management 
Chapter 2. Hydrogeology of the Clatsop Plains Aquifer 
 24
 
Figure 7: Ground penetrating radar profile of the southern Clatsop Plains showing water table surface and internal stratigraphic complexity of the 
sand dunes (Peterson et al., 2004).
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Figure 8: Elevation of bedrock (meters) underlying the dune and beach sand of the Clatsop Plains, OR. Map 
compiled from data from Herb (2000) and driller's logs from water wells.  
 
Analysis of driller’s logs for water wells that reach bedrock do not support a smoothly 
sloping contact as illustrated in the general geologic representation shown in Figure 6. Instead, 
the contact elevation between the Quaternary deposits and the underlying bedrock appears 
variable (Rankin, 1983). A dramatic example is illustrated by relic sea stacks located west of 
Cullaby Lake (Figure 8). These sea stacks are small, steep hills of bedrock that rise above the 
surrounding sand and were formed by erosion when the coast was aligned with this area (Rankin, 
1983). Based upon the height of the sea stacks above the surrounding area a local variability of at 
least 25 – 30 feet (7.6 – 9.1 m) could be expected on the upper surface of the bedrock. This local 
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variability as well as regional variability in the slope of the bedrock surface may affect the flow 
of water through the aquifer. 
Geologic History and Processes of the Clatsop Plains  
The hydrology of the Clatsop Plains is strongly influenced by the geologic processes that 
are responsible for formation of and continual modification of this coastal beach/dune complex. 
These processes include changes in sea-level, sediment supply, tectonic uplift and subsidence, 
and mineral precipitation and dissolution reactions occurring within the beach/dune aquifer. 
Marine sedimentation during the mid to late Tertiary formed the Astoria and Smugglers 
Cove formations. These sedimentary units were later tectonically uplifted and eroded into wave-
cut terraces during the last low stand of sea level at about 21,000 years before present and 
corresponding with the maximum Wisconsinan stage of Pleistocene  glaciation. This erosion 
formed the bench upon which the dune and beach deposits now lie. At approximately 21,000 
years before present the lowest sea level was approximately 125 meters below present day sea 
level (Milliman and Emery, 1968). Locally the sea-level has been estimated at 112 m below 
present level during this time (Baker, 2002). 
Warming of the climate and melting of the glacial ice resulted in a rapidly rising sea-level 
starting by about 14 to 20 ka before present (Pirazzoli, 1993; Milliman and Emery, 1968). This 
sea-level rise has been characterized as relatively rapid until 7 ka before present and slowing 
during the last 5,000 years (Milliman and Emery, 1968). Locally sea-level rise has been 
estimated as 0.04 ft/yr (1.2 cm/yr) between 10 and 7.75 ka and 0.003 ft/yr (0.1 cm/yr) from 5 ka 
to present (Herb, 2000). 
A combination of rising sea level and abundant sediment supply from the Columbia 
River resulted in beach progradation and sand accumulation on the Clatsop Plains. Work by 
Baker (2002) shows that between 16 and 13 ka sedimentation rates in the lower Columbia were 
0.75 cm/yr. This rate increases to 2.0 cm/yr between 13 and 9 ka after which time the 
sedimentation rates slows to 0.3 cm/yr. Radiocarbon dates from the eastern side of the dune 
complex indicate that sand was accumulating as early as 4,000 years before present on the 
Clatsop Plains (Rankin, 1983). Since that time the Columbia River has continued to provide an 
adequate sand supply for beach progradation and dune formation (Herb, 2000). Figure 9 is a map 
showing the age of the dunes in the vicinity of Cullaby and Sunset Lake. This map is based upon 
the collection of age dates summarized by Reckendorf et al. (2001).  
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The prominent topographic features of the Clatsop Plains are the dune ridges that parallel 
the coastline. In other coastal settings, parallel dune ridges are traditionally thought of as 
abandoned foredune ridges (Hesp, 2002). Foredunes form from beach sand being blown inland 
and trapped among vegetation at the back edge of the beach. As a beach progrades seaward a 
new foredune eventually forms, stealing the sand that would have been previously deposited on 
the old foredune (Hesp, 2002). According to this model, dune size is related to the sediment 
supply and the rate of progradation. If the coastline is prograding at a slow rate and sediment 
supply is high, fewer large dune ridges form. If the coastline is prograding quickly a larger 
number of small dunes form (Shepard, 1987). 
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Figure 9: Radiocarbon dates for the Clatsop Plains, OR (Reckendorf et al., 2001) 
 
The Clatsop Plains is located above the Cascadia subduction zone which adds another 
level of complexity to the evolution of this coastal beach/dune system. Large magnitude 
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subduction zone earthquakes have been reported to occur along this subduction zone at intervals 
of about 200 to 600 years (Darienzo and Peterson, 1995). Associated with these earthquakes is 
rapid 1.6 to 6.5 ft (0.5 to 2.0 m) co-seismic subsidence of the land. This rapid subsidence is 
followed by gradual tectonic uplift as strain accumulates along the plate boundary (Atwater, 
1987).   
This cycle of uplift and subsidence associated with subduction zone earthquakes and 
intervening periods of tectonic uplift results in a relative rise and fall in sea-level. Initially, after a 
subduction zone quake, erosion of the beach and dunes may occur as a new equilibrium is 
established. This results in the formation of dune scarps which are subsequently buried by new 
sand deposition. These buried earthquake-generated scarps disrupt the internal stratigraphy of the 
dunes and are associated with lag deposits of heavy minerals such as magnetite (Meyers et al., 
1996). An example of a buried scarp is given in Figure 7. 
As a result of the co-seismic subsidence events the formation of the parallel dune ridges 
of the Clatsop Plains is not as simple as the traditional models outlined by Hesp (2002) and 
Sanderson et al. (1997). These models were formulated for passive margins and do not 
incorporate oscillations in relative sea-level. As a result a new hypothesis has been developed for 
dune formation in the Columbia River Littoral Cell. Subsidence of the coastline results in 
transgression of the beach and dunes followed by re-equilibration of the coastline and deposition 
of a new beach ridge. Tectonic uplift then may raise the new beach ridge beyond wave influence 
where aeolian dune formation is initiated (Duffin, 2002). In addition, subsidence can re-activate 
older dunes and result in the formation of buried paleosols (Phipps et al., 2001). 
Another important process affecting the hydrology of the Clatsop Plains is the interaction 
between ground water and geologic substrate of the aquifer. For example redox boundaries 
associated with paleosols have been found to create impermeable layers through the deposition 
or precipitation of hydroxide minerals in older Pleistocene dunes along the central Oregon Coast 
(Peterson et al., 2002a). It is unclear whether or not these processes may be occurring within the 
Holocene deposits of the Clatsop Plains or the timescale upon with these processes are active. 
However, Duffin (2002) described a hardpan layer in the sand just below the current soil zone in 
the dunal deposits of Long Beach Peninsula, Washington. This suggests that mineral 
precipitation may be able to create impermeable boundaries within the Holocene age Clatsop 
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Plains aquifer by modifying the permeability of sediment near redox boundaries associated with 
buried paleosols or peat deposits. 
Chemical reactions at the sea water - fresh water transition can also lead to a reduction in 
the hydraulic conductivity of the aquifer. Work by Goldenberg et al. (1983) and Goldenberg et 
al. (1984) has demonstrated a reduction in hydraulic conductivity of a sand aquifer as sea water 
is replaced by fresh water. This reduction of hydraulic conductivity is the result of changes in the 
mineralogy of clay minerals present within the sediment. This process is dependant upon the 
type of clay as well as abundance. However, it was found that as little as 4% clay by weight 
could significantly alter the hydraulic conductivity of the aquifer under appropriate conditions. 
This process could be significant in the formation of potential barriers to ground water flow. The 
position of the shoreline has prograded during the Holocene as indicated by the position and age 
of the dune ridges. Therefore the migration of the freshwater – saltwater interface could have 
produced a series of barriers to ground water flow provided the appropriate mineralogical 
sediment assemblages. 
The processes described in this section add complexity to the hydrologic analysis of the 
Clatsop Plains. Of particular importance to the local hydrology is the development and evolution 
of sediment layers that could either inhibit ground water movement or alter the ground water 
chemistry. The data emerging from studies by Rankin (1983), Woxell (1998), Duffin (2002), 
Herb (2002), Baker (2002), and Peterson et al. (2004) indicate that the general stratigraphic 
model presented in Figure 6 is not adequate to describe the hydrology of the Clatsop Plains. 
How the short and long term processes described in this section intersect in space and 
time may produce complications in the local ground water system, interactions of the ground 
water and surface water systems, and the potential impact of human activities on the resource is 
still unclear. Further work is needed to better understand the geologic processes that may be 
affecting the hydrology of the Clatsop Plains. Specifically, future research should be directed 
towards developing a better understanding of the stratigraphic complexity of the Quaternary 
deposits of the Clatsop Plains. This should include mapping the bedrock surface under the 
Clatsop Plains through use of GPR and seismic studies, identification of sediment variability 
within the Clatsop Plains such as the spatial extent of alluvium and marine terraces as well as the 
possibility of Pleistocene deposits underlying the Holocene sand, the mineralogical variability 
and clay content of the aquifer, and finally, investigation of the relationship between redox 
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chemistry and permeability of the sand aquifer through precipitation and dissolution of 
hydroxide minerals. 
Grain Size Analysis 
Purpose 
Determinations of grain size distribution can be used to generate estimates of the 
hydraulic conductivity of unconsolidated sediment. Six sediment samples were analyzed to gain 
a better understanding of hydraulic conductivity within the Clatsop Plains aquifer and for 
comparison with previous estimates.  
Results and Discussion 
Since samples were collected using a sand auger, detailed or subtle stratigraphic 
information is not available. However, based upon location and the shallow depth of collection, 
all samples probably represent dune sand deposits. Figure 10 shows the grain size distribution of 
all six samples. These samples have a similar grain size distribution with the exception of 
slightly larger grain diameters at depth at site DLUR. Table 8 shows the results for each 
sediment sample. All of the uniformity coefficients indicate well-sorted sediment. The hydraulic 
conductivity of each sample is consistent with the exception of a slightly larger hydraulic 
conductivity at site DLUR due to the larger grain sizes encountered there. These values of 
hydraulic conductivity compare well with the values presented in the hydrology section of this 
report. 
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Figure 10: Grain size distributions for near surface sediment of the Clatsop Plains, OR 
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Table 8:  Results of grain size analysis for near surface sediment of the Clatsop Plains 
Sample 
Site 
Collection 
Depth (m) 
d10 
(mm) 
d60 
(mm) 
Cu 
(Uniformity 
Coefficient) 
C (Hazen 
Coefficient) 
K 
(cm/s) 
DLUR 0.74 0.14 0.255 1.8 80 0.016 
DLUR  1.77 0.17 0.29 1.7 80 0.023 
DLUR  2.05 0.159 0.258 1.6 80 0.020 
SURP 0.2 0.145 0.255 1.8 80 0.017 
SURP   1 0.145 0.25 1.7 80 0.017 
SLRS 0.6 0.162 0.26 1.6 80 0.021 
 
Conclusions 
The grain size distributions presented in Figure 10 and Table 8 are comparable to those 
described for Long Beach Peninsula, Washington (Duffin, 2002). This suggests and supports the 
hypothesis of a similar sand source as well as similar depositional processes. As a result, a 
comparable hydraulic conductivity is expected for both areas. A comparison of the hydraulic 
conductivity calculated as part of this study with those from previous research is given in the 
hydrogeology section. 
The data presented in this section suggests that little variation exists in the grain size of 
the dune facies of the Clatsop Plains. The distribution of grain sizes at greater depths within the 
aquifer, such as within the beach facies, would be valuable in understanding the local 
hydrogeology. This information can only be obtained through the drilling of deeper wells. In 
addition a larger number of near surface samples could be collected and analyzed in order to 
verify the consistent nature of the near surface sand. Also of importance would be determination 
of the hydraulic conductivity of the peat deposits of the Clatsop Plains. Unfortunately the Hazen 
method is inappropriate for determination of the hydraulic conductivity of peat or organic-rich 
sediment (Fetter, 1994). 
Hydrogeology of the Clatsop Plains 
The Clatsop Plains Aquifer 
The dune and beach sand deposits are the primary water-bearing unit of the Clatsop 
Plains aquifer. This unconfined aquifer is underlain by the relatively impermeable Tertiary 
bedrock of the Astoria and Smugglers Cove Formations. Sand is generally a good aquifer 
material and typically has a porosity between 25 and 40% (Driscoll, 1986).  
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Estimates of hydraulic conductivity for the aquifers of both the Clatsop Plains and Long 
Beach Peninsula, Washington are presented in Table 9. The estimates for Long Beach Peninsula 
were calculated using the Hazen method (Fetter, 1994) and the grain size data presented by 
Duffin (2002). Estimates of hydraulic conductivity for the Clatsop Plains range between 0.015 to 
0.090 cm/second.  A detailed discussion on the methods and results of hydraulic conductivity 
calculation for this study are presented in the grain size section of this report. The hydraulic 
conductivity values in Table 9 compare well with estimates of hydraulic conductivity of dune 
and beach sand from the Long Beach Peninsula, Washington. An average hydraulic conductivity 
of 0.019 cm/second was calculated as part of this study for the shallow Clatsop Plains Aquifer.  
The hydraulic conductivity of the lag deposits of the Long Beach Peninsula were 
calculated to be about 0.013 cm/second using data provided by Duffin (2002) and the Hazen 
method. This value is slightly less than the dune and beach sand and is believed to be applicable 
the Clatsop Plains where no grain size data or hydraulic conductivity calculations are available 
for the lag deposits.  
Table 9: Estimates of hydraulic conductivity for the Clatsop Plains and Long Beach Peninsula 
Site Source 
hydraulic conductivity 
(cm/s) method 
Clatsop Plains Frank (1970) 0.080 to 0.090 pump tests 
Clatsop Plains Sweet (1981) 0.028 to 0.050 numerical modeling 
Gearhart Wells (Clatsop 
Plains) 
Kennedy Jenks 
(2004) 0.015 average unknown 
Dune Sand (Long Beach 
Peninsula, WA) 
Data from Duffin 
(2002) 0.019 average Hazen 
Beach Sand (Long Beach 
Peninsula, WA) 
Data from Duffin 
(2002) 0.02 average Hazen 
Lag Deposits (Long Beach 
Peninsula, WA) 
Data from Duffin 
(2002) 0.013 average Hazen 
Clatsop Plains (shallow 
aquifer, dune sand) This study 0.019 average Hazen 
 
Previous Potentiometric Surface Mapping of the Clatsop Plains Aquifer 
Previous work by Frank (1970) produced a potentiometric surface map of the Clatsop 
Plains. His work demonstrated that the potentiometric surface is close to the ground surface and 
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subtly reflects the local topography. It was also determined that local areas of recharge and 
discharge such as streams may have a significant affect upon the potentiometric surface. 
Perched aquifers have been noted in the Clatsop Plains by Frank (1970) and P. See 
(personal communication, October, 2002). Many of these perched aquifers may be seasonal and 
disappear during the summer months. Frank (1970) reports a prominent perched aquifer in the 
southwestern portion of the Clatsop Plains between the Surf Pines development and the city of 
Gearhart. The existence of perched aquifers indicates the presence of impermeable layers within 
the shallow aquifer that can restrict water movement through the otherwise permeable sand. 
Specific reasons for this perched water table were not provided. 
Mass Balance Calculations for the Clatsop Plains Aquifer Using Existing Data 
The hydrologic inputs and outputs for an aquifer can be represented as a mass balance 
problem. This approach is summarized in Equation 13.  This equation assumes that the 
difference between input and output results in a change in storage (ΔS). If input equals output 
then the system is at steady state and ΔS equals zero. 
 
  OutputInputS −=Δ       Equation 13 
 
The major inputs to the Clatsop Plains aquifer are precipitation and stream flow from the 
Coast Range. As previously mentioned, approximately 80 inches (200 cm/yr) of precipitation 
annually falls directly onto the Clatsop Plains (Frank, 1970). Due to the permeable nature of the 
sand, Frank (1970) and this study assume precipitation easily percolates downward to the aquifer 
with little overland flow to nearby streams.  
Stream flow from drainage basins in the Coast Range discharge onto the Clatsop Plains. 
Maps of the area show many small streams and drainages that could potentially provide input to 
the aquifer. The largest of these streams is Cullaby Creek which flows into Cullaby Lake. 
Anecdotal information provided by local residents suggests that the flow in many of these 
drainages is seasonal and with a strong relationship to precipitation events. Reported stream flow 
measurements for Cullaby Creek range between 0 cubic feet per second (cfs) in the fall to 12.8 
cfs in the winter (Frank, 1970).   
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Table 10: Previously calculated stream flow for the Clatsop Plains, OR. 
location Source Date flow (cfs) 
Cullaby Creek, near Dellmoor 
station Frank (1970) 2/7/67 12.8 
Cullaby Creek, near Dellmoor 
station Frank (1970) 9/21/67 0 
Skipanon River below 
Cullaby Lake Frank (1970) 2/7/67 28.1 
Skipanon River below 
Cullaby Lake Frank (1970) 9/21/67 0.44 
Neacoxie Creek, 2.5 miles 
downstream from Sunset 
Lake Frank (1970) 2/7/67 16.5 
Neacoxie Creek, 2.5 miles 
downstream from Sunset 
Lake Frank (1970) 4/10/67 13.8 
 
Outputs for the Clatsop Plains aquifer include stream flow to the Columbia River and the 
Pacific Ocean, evapotranspiration over both open water and land surfaces, direct discharge to the 
Columbia River, the Necanicum River, or the Pacific Ocean, and consumptive uses. There are 
several streams that drain the Clatsop Plains such as the Skipanon River, Neacoxie Creek, Tansy 
Creek, Alder Creek, and the outflow for Swash Lake. Table 10 presents instantaneous stream 
flow data for the Skipanon River and Neacoxie Creek. No published data exist for the other 
streams draining the Clatsop Plains.  Estimates of evapotranspiration range between 15 inches 
(39 cm) per year (Frank, 1970) to 35 inches (90 cm) per year (Centrac, 1981). More recent 
estimates of evapotranspiration using current land use and land cover data are unavailable.  
Discharge estimates calculated as part of this study are presented in Table 12 in a later section. 
Using the stream flow data in Table 10 and the precipitation and evapotranspiration 
estimates a simple mass balance can be calculated for the Clatsop Plains aquifer. Assuming 
steady state conditions, the inputs and the outputs are equal. This assumption is justified since 
long term changes in water levels have not been identified as a problem. The mass balance can 
then be broken down into Equation 14, where P represents precipitation, ET represents 
evapotranspiration, Si represents stream flow in, So represents stream flow out, and DGD 
represents direct ground water discharge (Zektzer et al., 1973). This equation can then be solved 
for unknown inputs and outputs. 
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  P + Si = ET + So + DGD    Equation 14 
 
 Using values of 80 inches per year for P, 25 inches per year for ET, and an average of 30 
cfs for So, a mass balance calculation can be made. The 30 cfs value for So is based upon values 
in Table 10 with an intentional overestimation to account for ungaged streams. Si was ignored 
since no reliable data exist for this parameter. Assuming an area of 20 mi2 for the Clatsop Plains 
Aquifer the total annual input to the system is 36,932 acre-ft greater than the output. The only 
remaining undefined output is DGD. In addition, since no value was used for Si, the difference 
between input and output is probably an underestimate. Therefore DGD must account for a 
significant portion of the total aquifer output. This is the same conclusion reached by Frank 
(1970). Recent work demonstrating that direct ground water discharge to the ocean can be a 
significant part of the hydrologic cycle also supports this conclusion (Li, 1999; Church, 1996). 
Uncertainty in Mass Balance Calculations 
Several uncertainties exist regarding the mass balance of the Clatsop Plains calculated in 
the previous section. Runoff from the Coast Range, consumptive water usage and water 
importation, updated evapotranspiration values, stream flow for all streams draining the aquifer, 
and water inflow through the Tertiary bedrock have not been addressed and reliable estimates are 
not available. Using a geographic information system, many small drainages were identified in 
the Coast Range that could potentially drain onto the Clatsop Plains. The total area of these 
drainages was calculated to be about 7.8 mi2 (20.3 km2). This could potentially provide a 
significant seasonal water input to the Clatsop Plains. However, in order to quantify this input, 
the rainfall over these drainages must be estimated with consideration for orographic effects and 
the stream flow response of the drainages to precipitation events must be investigated. This 
response will be affected by vegetation and geology. Installation and monitoring of weather 
stations in several of the drainages and construction of hydrographs over the course of a year 
with specific emphasis on response to precipitation events could provide the data necessary for 
an accurate estimate of runoff (Dingman, 1994).  
Consumptive water usage in the Clatsop Plains is currently not a major aquifer output. 
Residents of the Clatsop Plains currently receive water through the Warrenton water system 
which has a collection source in the Coast Range (SRI/Shapiro, 1995). However, the city of 
Gearhart is currently considering the installation of a well field for public water supply (S. 
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Childs, personnel communication, March, 2004). As a result water importation may be a bigger 
concern than public water usage. Many residents rely on septic tanks for home effluent treatment 
(SRI/Shapiro, 1995). Therefore household water usage is discharged to the aquifer and should be 
considered an input to the system.  
The potential water input from the Tertiary bedrock units is currently unknown and 
assumed to be negligible. Additional research could be directed at verifying whether or not this 
assumption is correct. This could be done through the identification of areas where the Tertiary 
bedrock is likely to discharge water such as areas with high concentrations of faults or fractures. 
A comparison of water chemistry between water within the Tertiary bedrock, water near faulted 
or fractured areas, and water collected toward the western edge of the aquifer away from any 
possible bedrock influence may then be able to verify or challenge this assumption.  
Unfortunately, the uncertainties identified in this section will remain. It is beyond the 
scope of this study to significantly improve the mass balance estimates presented in the previous 
section. As demand increases on the ground water resources of the Clatsop Plains a full 
inventory of aquifer input and output could guide resource management. This future need may 
provide incentive for monitoring of the drainage basins in the Coast Range foothills and for a 
complete stream flow survey of the Clatsop Plains. Additional research on direct ground water 
discharge to the coastal environments and its potential impacts upon aquatic marine life (Church, 
1996) would not only improve the understanding of local hydrology, but improve upon the 
global understanding of nutrient and ion flux to the oceans.  
Potentiometric Surface Mapping 
Maps of the potentiometric surface of the Clatsop Plains aquifer were produced as part of 
this study. Additionally, the work of Frank (1970), as well as DEM and LIDAR elevation data 
were used to make interpolations where surveyed water level measurements were unavailable. 
The resulting map is presented in Figure 11. This potentiometric surface is based upon water 
level measurements from February 2003.  
Figure 11 shows that in February 2003 the highest water table elevations were located 
west of Smith Lake in the eastern portion of Camp Rilea. Water levels remain high in the central 
portion of the aquifer but decrease both to the north and south. Water levels also decrease rapidly 
toward the east and west side of the aquifer. To the west, water levels decrease to sea level at the 
shoreline. In the northeastern portion of the aquifer, ground water levels decrease to the level of 
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the Skipanon River and Cullaby Lake. South of Cullaby Lake there is no surface water drain for 
the aquifer and water levels remain moderately high. In the absence of impermeable boundaries, 
shallow ground water flows along the gradient of the potentiometric surface.  
In February 2003 a ground water divide is located parallel to the dunes in the center of 
the aquifer. Another major ground water divide is located perpendicular to the dunes near Camp 
Rilea. A smaller ground water divide is located south of Cullaby Lake just north of the Ocean 
Home Farm area. In addition smaller areas of locally high potentiometric surface may be present 
under some of the higher dune ridges similar to those indicated on Figure 11 east and west of 
Sunset Lake.  
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Figure 11: Potentiometric map for the Clatsop Plains aquifer February 2004. 
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Ground Water - Surface Water Interactions  
Importance 
It is important to establish the relationship between the ground water and the surface 
water if a complete understanding of lake eutrophication is to be developed. Could the ground 
water be supplying nutrients to the lakes and could this nutrient supply stimulate the growth of 
aquatic plants and algae? In order to answer these questions we must consider 1) if the ground 
water carries the nutrients necessary to stimulate aquatic organisms, 2) if flow into the lakes is 
adequate to supply a sufficient nutrient stimulus, and 3) if chemical reactions within the aquifer 
are conducive to nutrient transport across the ground water – surface water interface. The first 
point will be addressed in the following sections. The second and third points will be discussed 
later in this report. 
The close connection between ground water and surface water is not uncommon in this 
type of geologic setting. Anderson (1999) studied the hydrology of Hatteras Island, North 
Carolina, which is a barrier island with a freshwater aquifer and interdunal surface water lakes 
and wetlands similar to those of the Clatsop Plains. It was found that the interdunal wetlands and 
lakes in this setting are flow-through systems with respect to ground water. In this scenario 
ground water enters the surface water environment on the up-gradient side and leaves the surface 
water on the down-gradient side.  
Connection Between Interdunal Lakes and the Shallow Aquifer 
The GPR profile provided in Figure 12 shows the location of the water table near Sunset 
Lake (Peterson et al, 2002b). The reflections over the lake show interference due to data 
collection across the bridge. However, it appears that the water table in this area is generally 
continuous with lake surface. This indicates that locally the ground water and surface water 
systems are closely coupled. In addition, absence of surface water inputs to many of the 
interdunal lakes, notably Smith and Coffenbury, further demonstrate the significance of the 
relationship with ground water.  
Using the hydraulic conductivities presented in Table 9 and Darcy’s Equation, presented 
in Equation 15, ground water flow volume estimates can be made for each lake. These estimates 
are presented in the following sections. Hydrographs are also provided that show the change in 
lake level relative to changes in the surrounding water table over time. 
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dl
dhKAQ −=        Equation 15 
     Where:  Q = Ground water flow 
      K = Hydraulic Conductivity 
      A = cross sectional area 
      
dl
dh  = water table gradient 
       
 
Cullaby Lake 
Figure 13 shows the hydrographs for Cullaby Lake and other measurement locations in 
the surrounding area. Figure 14 provides a map of Cullaby Lake showing the location of the 
hydrographs. These figures show that changes in the surface water at sites CULB-A, CULB-B, 
and LOON mimic those measured in the ground water at site CULP. However, site CULP seems 
to have a larger magnitude of fluctuation. In addition the water level measured at site CULP is 
higher than the lake level measured at sites CULB-B and LOON. This indicates that a ground 
water gradient exists directed toward the lake. This conclusion is supported by the potentiometric 
surface shown in Figure 11.  
The gradient of the potentiometric surface at three locations along the western shore of 
Cullaby Lake during February 2003 is shown on Figure 14. Based upon these gradients an 
estimate of ground water inflow to the lake can be made. The length of Cullaby Lake that is 
likely to receive ground water input, based on the potentiometric surface in Figure 11, is 
approximately 3240 meters. Assuming a height of 1.5 meters upon which ground water enters 
the lake a cross sectional area can be calculated. This cross sectional area was then broken up 
into three sections. Using a hydraulic conductivity of 0.02 cm/s, the ground water input within 
each section was determined. For the middle section a hydraulic conductivity of 0.002 cm/s was 
used in order to compensate for the presence of peat and the low recovery times observed in 
piezometer CULP. Using Darcy’s equation a total ground water flow of 0.18 acre-ft/day was 
found for the western shore of Cullaby Lake during February 2003.  
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Figure 12: GPR profile for Sunset Lake showing location of ground water surface relative to lake position (Peterson et al, 2002b).
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Figure 13: Water levels at sites near Cullaby Lake between December 2002 and December 2003. Precipitation is shown in gray. Elevation datum is 
NAVD88. 
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Figure 14: Location of water level measurement sites around Cullaby Lake. Arrows indicate general direction 
and magnitude of water table gradient during February 2003. 
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West Lake 
Figure 16 shows the hydrographs for West Lake and piezometers in the surrounding area. 
The location of these water level measurements are presented in Figure 15.  Figure 16 shows that 
West Lake is located above the water table surface as measured at sites JOHN and BREN. This 
indicates that a gradient exists from the lake to the underlying ground water in this area. Ground 
water may be flowing into the lake in the northern half. Despite the difference in elevation, the 
lake and the ground water surface show similar trends. This suggests that although the lake may 
be at a different elevation than the surrounding water table, a connection between the two 
systems still exists. 
Figure 15 shows direction and magnitude of the potentiometric gradients during February 
2003 as determined from the potentiometric surface shown in Figure 11.  It was found that the 
gradient is directed toward the lake along the northwest shore but directed away from the lake in 
all other areas. In addition the gradient is strongly directed away from the lake in the southeast 
suggesting a flow direction toward Cullaby Lake. West Lake was not included as one of the 
primary lakes of concern for this study. As a result ground water flow estimates have not been 
calculated. 
 
Clatsop Plains Lake Management 
Chapter 2. Hydrogeology of the Clatsop Plains Aquifer 
 47
 
Figure 15: Location of water level measurement sites around West Lake. Arrows indicate general direction 
and magnitude of water table gradient during February 2003.
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Figure 16: Water Levels and precipitation near West Lake at sites DELW (West Lake), JOHN (piezometer on eastern shore), and BREN (piezometer 
on western shore). 
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Smith Lake 
Figure 18 shows the hydrographs for Smith Lake and several nearby locations. Figure 17 
shows the location of the water level measurement sites around Smith Lake. The hydrographs 
presented in Figure 18 all appear to show the same general trend. This suggests that a good 
connection exists between the surface water and ground water in this area. In addition, the sites 
to the west of Smith Lake have higher water table elevations suggesting an eastward gradient in 
this area. This is supported by the potentiometric surface in Figure 11. 
Figure 17 shows the direction and magnitude of the potentiometric gradient near Smith 
Lake during February 2003. According to these gradients ground water is entering the lake from 
the west and leaving to the east. Using the same method described for Cullaby Lake an estimate 
of ground water flow into the lake can be made. The length of Smith Lake is 840 meters. 
Assuming that the depth to which ground water enters the lake is 1 meter, a cross sectional area 
of 840 meters was obtained. Using a hydraulic conductivity of 0.02 cm/s and subdividing the 
cross sectional area into two sections a total flow of 0.033 acre-ft/day was obtained for ground 
water entering the lake during February 2003. 
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Figure 17: Location of water measurement sites around Smith Lake. Direction and magnitude of water table 
gradient during February 2003 is indicated by arrows. 
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Figure 18:  Hydrographs for Smith Lake (SMIT), piezometers in Camp Rilea (RILB and RIL4), and surface water in Camp Rilea (RILN).
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Sunset Lake 
Figure 20 shows the precipitation and hydrographs for sites near Sunset Lake. Site SUNS 
is Sunset Lake, SUNP is a piezometer along the northwest shore, SUNB is a staff gauge in a 
wetland to the west, SRPS and SRPN are piezometers to the west, and SEPP is a piezometer 
along the southeastern shore of the lake. The position of these sites relative to the lake can be 
seen in Figure 19. Although sites SEPP and SUNP show a good correlation with lake level, the 
sites further to the west such as SUNB, SRPS, and SRPN do not appear to have hydrograph 
trends similar to lake level. This may indicate a good local connection between the lake and 
ground water. However, this connection may quickly decrease with distance from the lake.  
The potentiometric gradient indicated in Figure 19 and the potentiometric surface (Figure 
11) for February 2003, show that water enters Sunset Lake from the west. This flux appears to be 
stronger in the northern half of the lake than the southern half. Along the eastern shore the lake 
appears to be losing water from the northern section but gaining water in the southern section. A 
strong outward gradient is present at the southern end of the lake near Neacoxie Creek.  
Using the gradients presented in Figure 19, the ground water flow into the lake can be 
estimated. It was assumed that the depth to which ground water enters the lake is 1.5 m. The 
length upon which ground water enters the lake was divided up according to the gradients shown 
in Figure 19. A total cross sectional area of 11,484 m2 was calculated. Using a hydraulic 
conductivity of 0.02 cm/s the total ground water flow into Sunset Lake was estimated to be 0.36 
acre-ft/day during February 2003. 
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Figure 19: Location of water measurement sites around Sunset Lake. Direction and magnitude of water table 
gradient during February 2003 is indicated by arrows. 
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Figure 20: Precipitation and hydrographs for Sunset Lake (SUNS), piezometers along the shore of the lake (SEPP and SUNP), surface water to the west 
(SUNB) and piezometers located to the west (SRPS and SRPN). 
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Coffenbury Lake 
Figure 22 shows the precipitation and hydrographs for Coffenbury Lake and the 
surrounding piezometers. Site COFN is a water level gauge at the north end of Coffenbury Lake. 
COFE is a piezometer located along the eastern edge of the lake. PETI-A and PETI-D are 
located near a constructed wetland west of Coffenbury Lake. Figure 21 shows the location of 
these sites relative to the lake. All hydrographs in Figure 22 show a similar trend indicating that 
Coffenbury Lake has a good connection with the surrounding ground water system. However, 
there is an anomaly on 9/23/03. At this time the lake level breaks from the trends exhibited by all 
other graphs and increases slightly. This does not appear to be a measurement error and might 
illustrate some local process that has been unaccounted for.   
Figure 21 shows the potentiometric direction and magnitude of the potentiometric 
gradient at several locations near the lake as calculated from the February potentiometric map in 
Figure 11.  These figures indicate that in February ground water is entering the lake from the 
west and discharging on the east. Using the processes previously described for the other lakes, an 
estimate of ground water inflow was made. Assuming the depth to which ground water enters the 
lake is 1 m and the length along which ground water enters is 840 m a cross sectional area of 840 
m2 was calculated. Using the gradient values presented in Figure 21 and a hydraulic conductivity 
0.02 cm/s a total ground water inflow of 0.112 acre-ft/day was calculated during February 2003. 
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Figure 21: Location of water measurement sites around Coffenbury Lake. Direction and magnitude of water 
table gradient during February 2003 is indicated by arrows. 
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Figure 22: Precipitation and hydrograph for Coffenbury Lake (COFN), a piezometer along the eastern shore of the lake (COFE), and piezometers 
located to the west (PETI-A and PETI-D).
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Summary 
Despite the apparent connection between the surface and ground water of the Clatsop 
Plains there are processes that may impact this relationship. Two processes are important in the 
immediate environment of the lakes: 1) accumulation of fine-grained organic-rich sediment in 
lake bottoms and 2) chemical reactions along redox boundaries. Both processes may reduce the 
permeability of the sediments and restrict water movement. 
A preliminary investigation of Sunset, Smith, Cullaby, and Coffenbury lakes found that 
there is a layer of organic-rich mud overlying the sand on the bottoms of these interdunal lakes. 
Table 11 gives the thickness of this sediment layer as determined using a gravity core apparatus. 
This organic-rich layer impacts the system in several ways. 1) The hydraulic conductivity of the 
organic-rich sediments is likely to be lower than that of the relatively clean dune and beach sand. 
2) The water within the organic-rich sediment and extending into the neighboring sand is likely 
to have a lower redox potential than ground water farther from the organic-rich sediment and the 
lake itself. 3) The organic-rich sediment provides conditions for the biological processing of 
nutrients. 
Table 11: Depth of organic rich mud in the interdunal lakes 
Lake 
Thickness of organic mud 
(cm) Comments 
Sunset Lake (north) 50  
Sunset Lake (north) 18  
Sunset Lake (north) 51  
Sunset Lake (south) 21  
Cullaby Lake at least 100  
Smith Lake at least 90  
Smith Lake 13 previously dredged area 
Coffenbury Lake 16  
 
Redox chemistry is discussed in later sections. However, organic buildup on the lake 
bottoms could reduce the redox potential in the pore water of the organic sediment. As water 
flows through this reduced zone and enters the oxidized lake water, hydroxide minerals may 
precipitate out of solution. This could lead to coating or cementation of sediment grains. Over 
time this process may lead to zones of reduced permeability near the lakes. This could lead to 
perturbations in the ground water-surface water interaction and the possibility of isolation of the 
lake water from the underlying ground water. Further directed research could explore this 
potential impact upon the hydrology of the Clatsop Plains.  
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The estimates of ground water input to the lakes presented in the previous sections were 
all made based upon the assumption that the hydraulic conductivity of the lake bottom is 
consistent with that of dune sand. Further investigation is needed in order to verify this 
assumption. For example, the relation between lake level and local ground water in the southern 
portion of West Lake suggests either disconnect between the lake and ground water or sharp 
gradient away from the lake. Whether or not this possible disconnect is due to isolation of the 
lake from the ground water resulting from local reductions in hydraulic conductivity is unknown.  
It was also assumed that the hydraulic conductivity of the aquifer near the lakes is relatively 
consistent. The geologic and chemical processes described in this report such as redox chemistry, 
paleosol formation, and peat deposition may have altered the hydraulic conductivity of the 
aquifer leading to spatial heterogeneity. Therefore the use of a consistent hydraulic conductivity 
may be invalid. Further research focused on changes in hydraulic conductivity of the Clatsop 
Plains with an emphasis on the ground water-surface water interface would be necessary in order 
to better constrain the relationship between the interdunal lakes and the shallow ground water.  
Another approach to estimating the ground water flow to the lakes is by direct 
measurement through seepage meters (Lee, 1977). Preliminary testing of this method for the 
interdunal lakes showed that approach could work well in the interdunal lakes of the Clatsop 
Plains. The only problem encountered was excessive organic build-up in the form of woody 
debris and twigs on the bottom of some lakes making correct installation of seepage meters 
difficult. The results of this type of research could be compared with the results obtained from 
calculations based upon potentiometric gradient. These data could also be used to generate 
separate measurements of hydraulic conductivity as well as to identify inconsistencies in the 
current understanding of geologic variability in the shallow Clatsop Plains aquifer.  
The limited GPR data near the interdunal lakes of the Clatsop Plains suggest a good 
connection exists between surface and ground water (Figure 12). However, further GPR 
investigation with an emphasis on the relationship between surface water and ground water could 
help to identify stratigraphic variations as well as any potential disconnection between ground 
water and surface water. This type of information could provide a greater understanding of the 
relationship between the interdunal lakes and the shallow ground water resulting from changes in 
hydraulic conductivity. 
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Lake Budget Analysis 
Purpose 
The lack of surface water inflows and outflows to many of the interdunal lakes in the 
Clatsop Plains highlights the importance of ground water inflow and outflow in lake budgets. 
The goal of this lake budget calculation is to determine the net direction of ground water - lake 
water flux over one year. This information can be used to help understand the flux of nutrients 
and dissolved ions into and out of the lakes over time. This in turn may contribute to 
understanding the timing of algal blooms or macrophyte growth. In addition, lake budgets will 
help understand the relative importance of precipitation on lake levels. 
Results  
Precipitation and Evaporation 
Figure 23 shows the precipitation and evaporation for the period of lake budget analysis. 
The majority of precipitation occurs during the fall, winter, and spring, with a dry summer 
period. The evaporation from the lake surface increases during the summer period and decreases 
during the winter due to changes in day length and temperature. These data displayed in Figure 
23 are the precipitation and evaporation parameters of the mass balance equation. 
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Figure 23: Precipitation and evaporation estimates for the Clatsop Plains between October 2002 and 
December 2003. 
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Stream flow 
Stream flow data are presented in Table 12. Interpolations were made based upon these 
data in order to estimate the total stream flow for one month periods.  A more detailed 
description of stream flow is given in a later section. 
Table 12: Stream flow calculations for the Clatsop Plains, OR. Flow is given in cfs. 
      Site     
Date LOON CULB PERK PSEE COOK 
10/2/02   10.8    
10/17/02    0.8   
12/20/02 24.0 56.1 47.7 2.0   
1/10/03       
2/14/03 3.1 17.5  9.5   
2/17/03 36.7 23.7     
2/19/03 28.9 47.7     
2/21/03 77.0 97.4  9.9 20.8 
2/28/03 6.7 42.7  7.1   
4/4/03  39.9     
4/11/03 7.4 59.7     
7/14/03 1.1 not measurable     
8/15/03 not measurable      
8/25/03 not measurable not measurable 8.8    
8/27/03    0.5 5.8 
10/25/03    0.4 3.0 
10/26/03 not measurable 10.2 18.7    
11/18/03 61.8 69.5     
11/29/03 134.5 93.4     
11/30/03 100.6 93.4     
12/14/03 56.5 102.4       
 
Cullaby Lake 
Figure 24 shows net ground water input to Cullaby Lake between December 2002 and 
December 2003. The net ground water input to Cullaby Lake is positive for all but one month 
during this period. This indicates that Cullaby Lake is usually a ground water sink. This is 
probably a result of its connection with the Skipanon River. The ground water input to Cullaby 
Lake generally follows the pattern of precipitation with a slight deviation in the fall of 2003 
when the ground water input became negative. One possibility for this could be heavy rainfall 
that raised the level in the lake. Since Cullaby Creek flows into the lake, lake levels may rise 
faster than the surrounding water table if stream flow is high such as after a storm event. If the 
lake rises above the water table the net flow could reverse and be directed from the lake to the 
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aquifer. Unfortunately no water level measurements were made during the time of negative 
ground water inflow.
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Figure 24: Net groundwater input to Cullaby Lake and monthly precipitation between December 2002 and December 2003. 
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West Lake 
The net ground water input for West Lake between December 2002 and December 2003 
is shown in Figure 25. The net ground water input for the lake is positive from May to October 
2003 and negative for the remainder of the monitoring period. This indicates that during the 
summer months West Lake is a ground water sink which could be a result of evaporative losses 
from the lake surface. During the winter months the precipitation exceeds evaporative losses and 
the lake loses water to the underlying aquifer. In addition, the water level trends shown in Figure 
16 appear to be closely correlated between the lake and the ground water. This indicates that 
there may be a high connection between the lake and the surrounding aquifer despite a possible 
buildup of organic material on the lake bottom.  
Smith Lake 
Figure 26 shows the monthly precipitation and net ground water input for Smith Lake 
between December 2002 and December 2003. The pattern in this figure is similar to West Lake 
in that the net ground water input to the lake is positive during the dry season and negative 
during the wet season.  
Sunset Lake 
Figure 27 shows the monthly precipitation and net ground water input for Sunset Lake 
between October 2002 and October 2003. Unlike all the other lakes, the net ground water input 
for Sunset Lake is positive throughout the monitoring period. This indicates Sunset Lake is 
consistently a ground water sink. However, the magnitude of net ground water flowing into the 
lake shows a seasonal pattern. The net ground water input increases in response to rainfall in the 
winter and spring and then slowly decreases over the dry season; however, this response is 
delayed by about a month. As with the relation of the Skipanon and Cullaby Lake, Neacoxie 
Creek, a surface water outlet for Sunset Lake, may play an important role in the lake budget.  
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Figure 25: Monthly precipitation and net groundwater input for West Lake between October 2002 and October 2003 
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Figure 26: Monthly precipitation and net groundwater input for Smith Lake between October 2002 and October 2003 
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Coffenbury Lake 
Figure 28 shows the net ground water input to Coffenbury Lake and monthly 
precipitation between December 2002 and December 2003. The net ground water input for 
Coffenbury Lake seems to follow an opposite trend when compared with the other lakes. The net 
ground water input for the lake is positive during the spring and again in September. During both 
the late fall and summer the net ground water input is negative suggesting that the lake is losing 
water to the underlying aquifer during these times. The loss of water during the summer may be 
a result of a drop in the local water table. As the water table drops water slowly drain out the 
bottom of the lake as the system re-equilibrates.  
Discussion  
Figure 29 is a comparison of the net ground water input for all the lakes. Cullaby and 
Sunset Lakes have the highest net ground water input per unit of surface area. This could be due 
to the fact that Sunset and Cullaby are the only lakes with a significant surface outflow. The 
other three lakes all have relatively small magnitudes of net ground water input.  
Unfortunately, the mass balance method for lake budget determination does not easily 
separate the volume of ground water inflow and outflow to the lakes. This information would be 
valuable because it would allow for the construction of nutrient budgets for the lakes. The data 
presented here are based upon net ground water inflow which is simply the difference between 
inflow and outflow. This does not indicate how much water is moving through the lakes, only the 
relative net direction of flow. Therefore the net inflows presented throughout this section cannot 
be used to calculate the ion or nutrient budgets of the lakes. Instead these data should be used to 
assess the seasonal relationship between interdunal lakes and ground water. 
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Figure 27: Monthly precipitation and net groundwater input for Sunset Lake between October 2002 and October 2003 
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Figure 28: Net groundwater input and precipitation for Coffenbury Lake between December 2003 and December 2003. 
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Figure 29: Comparison of net groundwater input for lakes on the Clatsop Plains, OR.
Clatsop Plains Lake Management 
Chapter 2. Hydrogeology of the Clatsop Plains Aquifer 
 71
The variability in lake budgets indicates that the interdunal lakes of the Clatsop Plains 
have differing local hydrogeologic settings. Since the same precipitation and evaporation data 
were used for each lake, other factors such as surface water inflow and outflow, connection and 
relationship with the surrounding ground water, and temporal changes in the potentiometric 
surface in the area of each lake must be important. Several possibilities may account for this 
hydrogeologic variability. The amount of sediment on the lake bottoms may retard water 
movement and help buffer the lake from changes in the surrounding aquifer. A preliminary 
investigation of this organic build up is presented in a previous section. Other potential barriers 
to ground water movement around the lakes include distribution of paleosols and finer grained 
layers within the aquifer and mineral precipitation in the aquifer due to changes in redox 
conditions along the ground water flow path. 
The timing of change between net inflow and outflow to or from the lakes is a valuable 
piece of information. All lakes with the exception of Coffenbury had a net inflow during the 
summer months. This could help in the assessing the eutrophication risk of each lake. For 
example, if it is found that the ground water near Smith Lake is providing a nutrient stimulus, the 
timing of that stimulus is important. If nutrients are added to the lake during the winter months, 
eutrophication may not be as severe as if they are added during the summer months. 
Unfortunately, the timing of change between net inflow and outflow is not consistent for all 
lakes. This emphasizes the fact that these lakes may have differing local hydrogeologic 
surroundings.  
Connection Between Stream Flow and the Clatsop Plains Aquifer 
Table 12 shows the instantaneous stream flow measurements for this study. Stream flow 
was measured at the following sites; along Cullaby Creek above Cullaby Lake (site LOON), 
Skipanon River at the outflow for Cullaby Lake (site CULB), along the Skipanon River 
approximately 2.5 mi (4.1 km) downstream from Cullaby Lake at Perkins Road (site PERK), 
along Neacoxie Creek approximately 1.0 mi (1.6 km) downstream from Sunset Lake (site 
PSEE), and along Neacoxie creek approximately 1.6 mi (2.5 km) downstream from site PSEE 
(site COOK). Table 12 shows that stream flow increases with distance downstream along both 
the Neacoxie and the Skipanon River indicating that both streams are gaining. This interpretation 
is supported by the potentiometric map presented in Figure 11. In addition, stream flow leaving 
Cullaby Lake at site CULB is generally greater than the flow entering the lake as measured at 
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site LOON. This suggests that Cullaby Lake is either receiving input from other streams draining 
the Coast Range foothills to the east or from ground water entering from the west. A ground 
water input to Cullaby Lake from the west is supported by the findings presented in previous 
sections.  
The rate at which Neacoxie Creek and the Skipanon River are gaining from the 
unconfined aquifer can be quantified using data presented in Table 12. There are no surface 
water inputs between sites CULB and PERK and between PSEE and COOK. Therefore any gain 
in stream flow must be attributed to ground water. Since the distance between these 
measurement sites is known, a rate of ground water influx can be calculated. These values are 
presented in Table 13. The stream flow influx for the Skipanon River could not be estimated for 
12/20/03 since site PERK is tidally influenced and stream flow measurements at this time may 
have been compromised by an incoming tide. Ground water input for the Skipanon River is 
calculated to be 3.5 and 3.4 cfs/mi during August and October 2003. Unfortunately no winter 
measurements were made. The ground water influx for Neacoxie Creek is calculated to be 6.8 
cfs/mi during February 2003 and decreasing to 1.6 cfs/mi by October 2003. This decrease could 
be attributed to a decrease in potentiometric gradient during the summer and early fall. 
Table 13: Ground water input to the Skipanon River and Neacoxie Creek as calculated from stream flow 
measurements. 
Date 
Skipanon 
(cfs/mi) 
Neacoxie 
(cfs/mi) 
2/21/03 na 6.8 
8/25/03 3.5 na 
8/27/03 na 3.3 
10/25/03 na 1.6 
10/26/03 3.4 na 
 
Summary of the Hydrogeology of the Clatsop Plains 
The data and interpretations presented throughout the hydrogeology section indicate that 
surface water of the Clatsop Plains is highly influenced by ground water. This relationship may 
change seasonally as precipitation recharges the aquifer, and spatial variability in the 
hydrogeology of the Clatsop Plains may be responsible for differences observed in the interdunal 
lakes. More research needs to be done in order to further the understanding of the hydrogeologic 
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variability within the Clatsop Plains. This research could include study of changes in hydraulic 
conductivity of the aquifer at the surface water – ground water interface due to the deposition of 
organic matter and precipitation of minerals from reactions occurring along redox boundaries. In 
addition the stratigraphy of the shallow aquifer could also lead to variation in hydraulic 
conductivity through the presence of paleosols and peat deposition. The influence of these 
deposits on the overall hydrogeology of the Clatsop Plains remains unclear.  
The estimates of ground water inflow to the lakes were based upon the potentiometric 
surface as mapped for February 2003. The presentation and discussion of hydrographs for the 
interdunal lakes and surrounding areas indicate a strong seasonal variability in the water table. 
Therefore the discussion of ground water inputs to the lakes based upon gradients derived from 
Figure 11 may also be strongly seasonal. In addition these ground water input values were 
computed assuming relatively little variability in hydraulic conductivity through the aquifer as 
well as across the surface water-ground water interface. As a result these values should be used 
with caution. Future work is needed in order to improve these estimates. 
Ground Water Chemistry of the Clatsop Plains 
Chemistry of Coastal Dune Aquifers 
Previous research has described the ground water chemistry of coastal dunal aquifers of 
the Clatsop Plains, Oregon, Long Beach Peninsula, Washington, and the Coastal Dunes aquifer 
near Coos Bay, Oregon. Table 14 summarizes the ion composition of ground water from the 
Clatsop Plains and Long Beach Peninsula. Based on the data in Table 14 there is a difference in 
the water chemistry of the shallow and deep ground water systems.  
The shallow ground water from the Clatsop Plains and Long Beach Peninsula typically 
has a pH less than 7 and conductivity up to 640 μs/cm. In addition, iron in these shallow aquifers 
can be high with reported concentrations up to 53 parts per million (ppm). The deep ground 
water systems in the Clatsop Plains and the Coos Bay aquifer shows an increase in pH and 
concentration of  K+, Mg2+, and bicarbonate ions with increasing depth. Na+, Cl-, and Fe2+ 
concentrations decrease with increasing depth (Frank, 1970; Magaritz and Luzier, 1985). 
Research on the Coastal Dune aquifer near Coos Bay focused on changes in ion composition 
with depth. It was found that base exchange reactions involving Ca2+ – Na+ and Ca2+ – Mg2+, 
redox reactions, and precipitation of siderite, pyrite, and K-feldspar were processes responsible 
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for the observed shifts in ground water chemistry. The findings of Magaritz and Luzier (1985) 
support the work of Frank (1970) for the Clatsop Plains and indicate an increase in pH and a 
decrease in Fe with depth. At the base of the aquifer, mixing between seawater and freshwater 
may be occurring. It was also found that Cl- remained a conservative ion throughout the Coos 
Bay aquifer (Magaritz and Luzier, 1985).  
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Table 14: Summary of previous ground water chemistry research in coastal dune aquifers. Range of values are minimum and maximum values. Values 
in parentheses represent concentrations between the 25th and 75th percentile. 
location source 
Conductivity 
(μs/cm) pH 
Ca2+ 
(ppm) 
Mg2+  
(ppm) 
K+    
(ppm) 
Na+    
(ppm) 
Fe2+       
(ppm) 
Cl-     
(ppm) 
F-        
(ppm) 
SO42- 
(ppm) 
HCO3- 
(ppm) 
Clatsop Plains, OR 
(interdunal lakes) 
Frank 
(1970) 100 - 200 6.7 - 7.5 1.8 - 6.1 2.8 - 6.8 1.0 - 3.5 14 - 20 0.3 - 1.5 18 - 29 0.1 0.4 - 4.8 10 - 62 
Clatsop Plains, OR    
(deep wells, over 
100ft) 
Frank 
(1970) 291 - 318 7.3- 8.3 3.3 - 17 12  -16 10 - 14 19 - 26 0.1- 0.3 27 - 38 0.2 0.4 - 13.0 
105 - 
122 
Clatsop Plains, OR 
(shallow wells, less 
than 100ft) 
Frank 
(1970) 64 - 640 6.2 - 7.3 1.4 - 14 0.8 - 12 1.0 - 4.6 14 - 34 0.05- 53 7 - 70 0.2 0.4 - 33 44 - 52 
Long Beach 
Peninsula, WA 
(shallow 
groundwater) 
Thomas 
(1995) 
50 - 480         
(88-181)        
5.5 - 7.5    
(6.1 - 6.6)   
1.2 - 17     
(3.3 - 7.0) 
0.6 - 17    
(2.1-5.3) 
0.5 - 9.2    
(0.9 - 2.9) 
5.9 - 32     
(7.0 - 15)    
<0.003 - 42    
(0.009 - 4.1) 
5.8 - 52     
(9.4 - 25) 
<0.1 - 0.2     
(<0.1 - 0.2) 
<0.1 - 38    
(2.0 - 8.3) 
15 - 176    
(18 - 57) 
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Processes That May Be Affecting Ground Water Chemistry 
The ground water chemistry of the Clatsop Plains may be influenced by many factors 
including sea spray from the Pacific Ocean, ion exchange reactions, discharge from the 
underlying Tertiary bedrock, dissolution of sand and lag deposits, precipitation and authigenic 
mineral formation, loading of organic carbon from woody debris and paleosols within the dune 
complex, redox chemistry, and anthropogenic factors such as septic tank discharge. The goal of 
this section is to present chemical data that may provide insight into the significance of these 
processes in altering the chemical composition of the shallow ground water of the Clatsop Plains. 
This information may then be applied to explaining observations in the surface water system. 
Although salt-water intrusion has not been identified as a problem (Frank, 1970; Sweet, 
1981), seawater can influence the chemistry of the freshwater aquifer through sea-spray (Kalff, 
2002) and near shore tide induced circulation and mixing (Li and Jiao, 2003). One of the primary 
influences of the Pacific Ocean is an increase in the total dissolved solids of the ground water. 
Since the composition of seawater is well established (Kalff, 2002), ion compositions and ratios 
among ions that mimic those found in the ocean could be attributed to sea spray. If sites are 
identified with ionic compositions that differ from that of ocean water, other processes may be 
influencing the ionic composition of the shallow ground water. 
The internal stratigraphy of the dunes may play a major role in the chemistry and ionic 
composition of the shallow ground water. Paleosols, peat deposits, and woody debris provide 
organic carbon which can lower the redox potential through bacterial processes. This will be 
discussed in more detail in the nutrient section. High redox potential leads to the oxidation and 
precipitation of iron and manganese as hydroxide minerals (Mitch and Gosselink, 1993). Low 
redox potential leads to the dissolution of iron and manganese hydroxides as well as minerals 
such as magnetite and ilmenite releasing soluble iron into the ground water (White et al., 1994). 
As a result, the dissolution of lag deposits described in the stratigraphy section of this report may 
provide a source of iron under the appropriate conditions. Furthermore, the relationship between 
redox potential and nutrient cycling will be discussed in the nutrient section of this report. 
Ion exchange processes shift the ionic composition of the ground water. Common ion 
exchange occurs among Na+, Ca2+, and Mg2+. Typically Ca2+ will replace Na+ in the structure of 
clay minerals. This results in a shift in the ionic composition. However, under some 
circumstances Na+ can replace Ca2+ (Kehew, 2001). 
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Water flowing into the aquifer through fractures in the Tertiary bedrock may have a 
significantly different chemical composition than water entering the Clatsop Plains aquifer 
through precipitation and runoff. This could locally affect the ionic composition in portions of 
the Clatsop Plains. Unfortunately the magnitude and ionic composition of water entering the 
Clatsop Plains through fractures in the Tertiary bedrock is not well defined making this process 
difficult to identify. 
Many homes on the Clatsop Plains have septic systems for sewage disposal (SRI/Shapiro, 
1995). These septic systems potentially impact the ground water by adding nutrients, organic 
carbon, and altering the ionic composition of the water (Carlson, 2001). Table 15 shows the ionic 
composition of septic tank effluent based upon a summary by Carlson (2001). In addition to 
septic tank effluent other anthropogenic factors such as fertilizer or pesticide application could 
also give a signature to the ionic composition. 
Table 15: Typical ionic composition of septic tank effluent based on a summary by Carlson (2001). 
Ion typical range (ppm) 
Cl- 50 – 200 
Na+ 40 – 115 
K+ 10 – 40 
SO42- 7 – 50 
Ca2+ 10 – 50 
Mg2+ 3 – 15 
Fe2+ 0.2 - 2.6 
Mn2+ 0.14 
 
Authigenic mineral formation and precipitation removes ions from ground water and 
leaves a chemical signature. Magaritz and Luzier (1985) found that siderite and K-feldspar are 
precipitating within the Coastal Dune aquifer near Coos Bay. The precipitation of these minerals 
correlated with ionic changes in the ground water at varying depths in the aquifer. Unfortunately, 
all sampling locations for the Clatsop Plains are located within the shallow ground water system 
and changes in chemical composition with depth are not available. However, it is important to 
acknowledge that similar processes may be active within the aquifer.    
Statistical Methods 
Three principle component analysis (PCA) was performed on three data sets; the ionic 
proportion of August water samples, the ionic proportion of December water samples, and the 
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average ionic proportion for all water samples. The ionic proportion was based upon milli-
equivalence. Seawater was included in these data sets for comparison. The purpose of PCA is to 
identify groupings within the data (Davis, 2002). These groupings may identify similar source 
water or similar chemical processes occurring within the ground water environment. The August 
and December data sets were used in order to identify any seasonal trends in the ground water 
chemistry. 
Plots were constructed showing the relationship between select ions and Cl-. It is assumed 
that Cl- is a conservative ion in the ground water environment and that the predominant source is 
the Pacific Ocean. Therefore, ions showing a strong correlation with Cl- or a preservation of the 
seawater ratio may indicate a sea spray source. If a weak correlation exists either another source 
of the ion is present or chemical processes such as mineral precipitation or ion exchange may be 
active (Kim et al., 2003). 
Results 
The following sections present the ground water data and analysis for the shallow Clatsop 
Plains aquifer between May and December 2003. For the purpose of analysis it was assumed that 
the chemistry of the shallow aquifer is primarily influenced by sea spray from the Pacific Ocean. 
Results that are inconsistent with this hypothesis may indicate additional processes influencing 
the chemistry of the shallow aquifer. 
Field Parameters 
Table 16 shows the average ionic composition, temperature, redox potential, dissolved 
oxygen, conductivity, and pH between May and December 2003. Standard deviations are given 
in parentheses to provide a measurement of variability. The number of samplings at each site is 
also given. Surface water sites are written in italics. A complete chemical report for each 
sampling event is available in the ground water appendices.  
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Table 16: Average parameters of the Clatsop Plains between May and December 2003. Standard deviations 
in parentheses. Surface water given in italics. 
Site 
Dissolved Oxygen 
(ppm) Temp ( C ) 
Conductivity 
(µs/cm) 
Oxidation Reduction 
Potential (mV) pH 
number of 
samplings  
Bren 2.99    (2.62) 12.97   (1.17) 71       (22.2) 172.3    (69.6) 5.9    (0.1) 4 
CofE 2.03    (1.32) 14.27   (1.73) 152    (39.0) 187.2    (31.3) 5.3    (0.2) 7 
Cook 8.31    (na) 19.26   (na) 255    (na) 55.4       (na) 7.5    (na) 1 
Culb-A 5.98    (na) 16.83   (na) 132    (na) 193.8    (na) 6.2    (na) 1 
Culb-B 8.02    (na) 17.94   (na) 122    (na) 322.0    (na) 6.2    (na) 1 
CULP 2.97    (0.75) 12.20   (2.66) 253    (11.7) 26.5       (na) 5.7    (0.2) 3 
DelW 5.67    (na) 17.77   (na) 128    (na) 156.3     (na) 6.4    (na) 1 
Demo 0.91    (0.35) 14.36   (0.83) 264    (55.4) 29.11     (15.5) 6.4    (0.1) 5 
DLUR 1.75    (0.34) 10.79   (0.62) 557    (330.1) 99.4       (35.6) 6.4    (0.3) 4 
Dump 6.69    (na) 13.55   (na) 221    (na) -2.6        (na) 6.9    (na) 1 
FSCN 7.41    (na) 13.60   (na) 246    (na) 49.0       (na) 6.7    (na) 1 
FSNJ 6.41    (2.51) 12.81   (0.99) 192    (112.9) 216.7     (20.2) 6.0    (0.3) 7 
Hint 1.71    (1.10) 12.45   (1.31) 263    (19.4) 31.9       (23.0) 6.0    (0.3) 6 
John 1.56    (0.69) 14.57   (2.31) 157    (30.6) 61.4       (28.9) 6.1    (0.3) 7 
Loon 4.39    (3.08) 17.32   (1.07) 159    (2.83) 188.7    (9.5) 6.3    (0.4) 2 
Paci 8.00    (na) 19.54   (na) 151    (na) 191.6    (na) 6.8    (na) 1 
Perk 6.00    (0.16) 15.94   (2.39) 249    (36.1) 62.5       (8.6) 6.7    (0.04) 2 
PetI-A 0.84    (0.52) 16.25   (1.23) 627    (275.6) -90.9      (12.0) 6.9    (0.1) 4 
PetI-d 1.02    (0.59) 13.76   (2.03) 810    (237.2) -43.7      (12.4) 6.7    (0.1) 6 
PetI-s 12.47  (4.48) 24.37   (2.23) 342    (27.6) 93.7        (119.1) 8.4    (0.8) 2 
PSee 5.09    (na) 18.27   (na) 195    (na) 54.6        (na) 7.1    (na) 1 
Psee (spring) na 11.38   (na) 162    (na) 167.6     (na) 6.3    (na) 1 
Ril4 1.12    (0.38) 12.01   (0.83) 299    (77.7) 163.9     (50.6) 5.8    (0.3) 5 
RilB 1.57    (0.84) 12.61   (0.70) 162    (na) 38.1       ( 33.0) 6.1    (0.3) 5 
RilG 2.18    (1.35) 18.88   (1.23) 233    (4.2) 140.6     (52.0) 6.5    (0.02) 2 
RilM 1.93    (1.47) 11.84   (1.00) 400    (96.5) 199.9     (36.6) 5.9    (0.2) 6 
RILN 11.36  (0.98) 19.36   (1.63) 197    (4.0) 87.6        (52.6) 8.5    (0.9) 3 
SEPP 2.34     (1.11) 13.39   (2.05) 104    (50.3) 205.0      (59.7) 6.0    (0.3) 6 
SLRE 1.13    (0.51) 13.14   (1.27) 147    (38.6) 141.0     (16.6) 5.7    (0.2) 6 
SLRS 1.01    (0.43) 14.43   (1.35) 244    (18.4) 103.9     (12.8) 5.5    (0.1) 5 
SLSR 11.86  (4.76) 22.34   (1.17) 255    (29.7) 144.5     (50.9) 9.7    (1.1) 1 
SRPH 2.08    (1.29) 12.06   (1.00) 272    (310.6) 82.7        (99.6) 6.2    (0.4) 4 
SRPN 3.61    (0.83) 11.88   (0.11) 759    (9.9) 222.9      (29.5) 6.0    (0.3) 2 
SRPS 2.23    (1.50) 11.29   (1.07) 668    (331.2) 160.4     (42.2) 6.0    (0.2) 5 
SUNB 11.26  (na) 23.74   (na) 351    (na) 64.1        (na) 9.3    (na) 1 
SUNP 0.82    (0.08) 12.84   (1.65) 200    (92.3) 14.36      (7.1) 6.2    (0.1) 5 
SUNS 8.18    (2.79) 14.86   (10.29) 205    (27.6) 75.9        (45.0) 7.2    (0.1) 2 
SURP 11.35  (1.75) 12.25   (0.93) 96       (15.5) 237.0     (69.0) 6.3    (0.5) 6 
WACE 3.79    (1.40) 12.28   (0.55) 136    (16.5) 153.8     (55.7) 5.8    (0.4) 6 
 
Conductivity 
The influence of the Pacific Ocean on the shallow ground water is suggested by the 
distribution of conductivity values in the shallow aquifer. Sea spray falling on the Clatsop Plains 
increases the total dissolved solids (TDS) and therefore increases the conductivity. Average 
conductivity measurements show a wide range with a minimum of 71 at site BREN to a 
maximum of 810 at site PETI-D. Figure 30 shows the spatial distribution of average conductivity 
within the shallow aquifer of the Clatsop Plains.  
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Figure 30: Average conductivity measurements for the shallow Clatsop Plains aquifer between May and 
December 2003. 
The distribution of conductivity values in Figure 30 shows high conductivity sites to the 
west near the ocean and decreasing conductivity to the east. However, there are subtle 
complexities that make the distribution of conductivity more complicated. Sites along the ocean 
have the highest average conductivity. However, some sites near the ocean have relatively lower 
conductivity. For example site SRPS located near the ocean in the Surf Pines development has an 
average conductivity of 668 μs/cm. Meanwhile site SRPH is also located in the Surf Pines 
development with approximately the same distance from the ocean. However, the average 
conductivity at this location is only 273 μs/cm.  
The lowest measured conductivity in the Clatsop Plains was found in the central portion 
of the aquifer. Sites BREN and SURP have average conductivities of 71 and 93 μs/cm 
respectively. Sites farther to the east such as CULP and HINT have a relatively higher 
conductivity with average values of 253 and 263 μs/cm, respectively. The low average 
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conductivity in the central portion of the plains could suggest a strong influence from 
precipitation while sites in the eastern portion of the aquifer may be influenced by a locally 
shallow depth to Tertiary bedrock.  
Although Figure 30 shows the general distribution of average conductivity values, there 
are significant seasonal fluctuations at many sites. Figure 31 shows the seasonal conductivity 
trends for sites RIL4, FSNJ, and PETI-D. All of these sites are located in the western portion of 
the aquifer near the Pacific Ocean.  Figure 32 shows the seasonal conductivity trends at sites 
FSNJ, SURP, and HINT. Site FSNJ is located near the Pacific Ocean, site SURP is located in the 
central portion of the aquifer, and site HINT is located in the eastern portion of the aquifer. 
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Figure 31: Seasonal conductivity trends for sites located in the western portion of the Clatsop Plains aquifer 
near the Pacific Ocean. 
Sites FSNJ and RIL4 are located in the western portion of the aquifer (Figure 2). Both of 
these sites show an increase in conductivity during the late fall and winter. It is interesting to 
note that site FSNJ has a peak in conductivity during October while RIL4 peaks during 
December. This increase in conductivity during the rainy season could be a result of sea-spray 
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from the Pacific Ocean. This trend is repeated in other sites located in the western portion of the 
study area with the presence of a peak during either December or October. This trend is also 
apparent in measurements obtained from interdunal lakes (see lake analysis). The processes that 
could be responsible for conductivity peaks at different times during the rainy season at different 
locations are still unclear. Site PETI-D shows a decrease in conductivity during the rainy season. 
This site is located in the northwest portion of the aquifer west of Coffenbury Lake. Based upon 
location it would be expected that this site be influenced by sea-spray and show an increase in 
conductivity during the fall and winter sampling. The observed decrease in conductivity during 
October and December may indicate that sea-spray does not have a significant impact upon the 
ionic composition of the water in this area. This could indicate the presence of a local high 
conductivity source. The resulting higher conductivity water could then be diluted in this area 
during sea-spray events which could explain the decrease in conductivity during October and 
December.  
 
 
Figure 32: Seasonal conductivity trends for piezometers in the western (FSNJ), central (SURP), and eastern 
(HINT) portions of the Clatsop Plains Aquifer. 
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Figure 32 demonstrates both the difference in seasonal conductivity behavior as well as 
magnitude across the Clatsop Plains aquifer.  Sites near the Pacific Ocean may have a higher 
conductivity as can be seen by comparing Figure 31 and Figure 32. However, as can be seen by 
comparison of piezometers FSNJ and SURP (Figure 32), sites near the ocean may not always 
have a higher conductivity although seasonal differences are significant. These increases in 
conductivity during the rainy season are present in the middle portion of the plains but to lesser 
degree than at sites closer to the ocean. Sites in the eastern portion of the aquifer show little to no 
seasonal conductivity trends that could be attributed to sea-spray. This suggests that the ionic 
composition in this portion of the aquifer may not be as strongly influenced by seawater and 
other processes could be locally important. 
Redox Potential 
Redox Potential in the shallow Clatsop Plains aquifer appears to be correlated with the 
amount of organic material near each site (see section on site description). Sites with high 
amounts of organic material tend to have low redox while sites with little organic material have 
higher redox potential. For example site SURP has little organic material as is indicated by 
observations during piezometer installation and water at this site has a high average redox 
potential of 237 mV. On the other hand, site SUNP where a lot of organic material was noted 
during piezometer installation has a low average redox potential of 14.36 mV. 
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Figure 33: Seasonal trends in redox potential at Clatsop Plains ground water sites between May and 
December 2003. 
Figure 33 shows the seasonal changes in redox potential at select sites. Some sites such as 
SEPP, RIL4, and COFE all show a decrease in redox potential during the summer period. Other 
sites such as HINT seem to show a slight increase in redox potential during the summer months 
or a steady increase in redox over the entire sampling period as measured at site WACE. It is 
unclear what processes may be responsible for seasonal shifts in redox potential.  
Ionic Composition 
Table 17 shows the average cation concentrations for all sites and Table 18 shows the 
average anion concentrations. The standard deviation is also presented and can be used to get an 
idea of the amount of variability in the data. Monthly data are presented in the ground water 
appendices. Table 19, Table 20, and Table 21 show the ionic proportion of water based on milli-
equivalence for the average of all samples, August 2003, and December 2003, respectively. 
These tables were used for principle component analysis. Seawater has been included in these 
tables for reference. 
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The data presented in Table 17 through Table 21 show that Na+ and Ca2+ are typically the 
dominant cations. However, at strongly reducing sites such as HINT or CULP, Fe2+ may 
represent a large proportion of the ionic composition. Cl- is the dominant anion; however, 
alkalinity was not measured and may represent a significant proportion of the ionic composition.  
The concentration of manganese (Mn) and iron (Fe) at many of the sites is the only water 
quality concern identified from the chemical data. The EPA drinking water standards 
recommends maximum concentrations of 0.05 ppm for Mn and 0.3 ppm for Fe (EPA, 1986). The 
values presented in Table 17 indicate that many sites, such as PETI and HINT, are in exceedence 
of these water quality limits. 
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Table 17: Average cation concentrations for Clatsop Plains water samples between May and December 2003. Standard deviations given in italics. Grey 
text indicates concentration is below detection limits. 
Site 
 Ca2+      
(ppm) 
Ca2+       
(st dev) 
Mg2+      
(ppm) 
Mg2+        
(st dev) 
Na+         
(ppm) 
Na+       
(st dev) 
K+          
(ppm) 
K+        
(st dev) 
Fe2+         
(ppm) 
Fe2+         
(st dev) 
Mn2+        
(ppm) 
Mn2+      
(st dev) 
number of 
samples 
Bren 5.6 1.7 0.6 0.2 8.8 2.1 0.7 0.0 0.4 0.4 0.2 0.1 4 
CofE 4.1 1.6 2.0 0.7 17.5 5.7 0.8 0.1 2.3 0.9 0.2 0.1 7 
Cook 6.1 na 5.5 na 34.8 na 5.6 na 0.3 na 0.2 na 1 
Culb-A 5.2 na 2.9 na 13.6 na 1.1 na 2.4 na 0.2 na 1 
Culb-B 5.0 na 2.6 na 13.8 na 1.0 na 2.0 na 0.2 na 1 
Cull na na na na na na na na 1.8 na na na 0 
CULP 9.1 0.8 5.4 0.4 22.3 3.6 0.4 0.1 23.0 3.3 0.5 0.1 4 
DelW 4.9 na 2.6 na 14.1 na 0.7 na 2.1 na 0.2 na 1 
Demo 5.4 1.8 5.7 1.5 32.4 7.8 5.1 1.0 2.9 1.6 0.2 0.1 5 
DLUR 9.5 7.6 7.5 1.7 64.7 17.3 7.3 2.3 0.9 0.2 0.2 0.1 4 
Dump 9.3 na 6.5 na 18.7 na 3.5 na 2.4 na 0.2 na 1 
FSCN 9.2 na 5.8 na 27.5 na 2.9 na 3.3 na 0.3 na 1 
FSNJ 5.9 3.8 4.8 2.6 16.8 8.3 2.2 0.7 0.1 0.0 0.2 0.1 7 
Hint 6.1 1.0 2.4 0.3 6.8 3.1 4.3 0.6 64.1 5.6 0.3 0.1 6 
John 3.2 0.8 2.0 0.5 23.6 6.8 1.1 0.5 4.3 0.8 0.2 0.1 7 
Loon 5.9 1.4 3.4 0.6 10.4 13.1 1.2 1.1 3.0 0.3 0.2 0.0 2 
Paci 8.3 na 4.2 0.5 12.9 na 1.4 na 4.3 na 0.2 na 1 
Perk 8.3 1.4 5.0 na 33.1 2.5 2.4 0.2 4.1 0.9 0.2 0.0 2 
PetI-A 9.9 5.4 8.1 1.1 67.8 20.5 15.1 3.8 13.5 8.5 0.5 0.2 4 
PetI-d 13.4 6.4 8.2 2.1 108.7 50.0 11.5 4.1 18.9 12.2 0.5 0.2 6 
PetI-s 4.3 0.9 6.8 0.8 45.1 3.7 7.7 1.0 0.3 0.1 0.2 0.0 2 
PSee 5.1 na 4.9 na 19.4 na 4.5 na 0.7 na 0.2 na 1 
Psee (spring) 3.9 na 5.2 na 13.4 na 2.4 na 0.1 na 0.2 na 1 
Ril4 8.1 4.4 4.7 1.8 40.8 6.8 3.6 0.9 0.4 0.3 0.2 0.1 5 
RilB 6.8 1.0 3.8 2.1 24.6 26.2 2.0 2.4 5.0 3.8 0.2 0.1 5 
RilG 7.3 0.0 5.3 0.4 33.8 6.2 2.0 0.2 3.0 1.6 0.2 0.2 2 
RilM 5.2 1.8 5.4 1.5 57.8 10.3 4.6 1.1 0.1 0.1 0.2 0.1 6 
RILN 5.2 0.2 4.7 0.1 23.9 6.0 3.4 0.6 0.7 0.2 0.2 0.0 3 
SEPP 4.1 2.2 2.1 1.2 12.8 3.6 0.3 0.0 0.1 0.2 0.2 0.1 6 
SLRE 2.9 0.8 2.4 0.7 19.2 6.0 2.2 0.3 1.9 0.4 0.2 0.1 6 
SLRS 2.8 0.4 1.4 0.1 33.9 3.6 3.3 0.2 11.3 0.6 0.2 0.0 5 
SLSR 3.1 0.3 5.0 0.3 32.7 0.7 3.3 0.1 0.3 0.4 0.2 0.0 2 
SRPH 5.2 8.0 3.3 4.0 29.9 24.1 3.7 3.0 1.1 0.7 0.2 0.0 4 
SRPN 7.9 0.7 8.4 0.4 103.8 5.4 9.0 0.1 0.1 0.1 0.2 0.0 2 
SRPS 8.4 7.2 6.6 1.9 89.6 27.6 5.7 1.8 0.4 0.3 0.2 0.0 5 
SUNB 7.4 na 6.7 na 41.1 na 6.5 na 2.0 na 0.2 na 1 
SUNP 4.3 2.7 3.0 1.7 19.8 12.3 1.4 0.4 24.2 12.2 0.3 0.1 5 
SUNS 7.1 1.9 5.1 0.8 20.4 0.1 2.7 0.1 0.9 0.5 0.2 0.1 2 
SURP 3.6 0.8 1.3 0.4 11.1 1.9 0.7 0.1 0.1 0.1 0.2 0.1 6 
WACE 2.7 1.1 2.0 0.8 16.5 1.7 0.2 0.0 1.2 0.7 0.2 0.1 6 
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Table 18: Average anion concentrations for Clatsop Plains water samples between May and December 2003. 
Standard deviations given in italics. Grey text indicates concentration is below detection limits. 
Site 
 Cl-      
(ppm) 
Cl-         
(st dev) 
 Br-        
(ppm) 
Br-         
(st dev) 
 SO42-       
(ppm) 
SO42-       
(st dev) 
number of 
samples 
Bren 6 7 0.05 0.02 1.3 0.7 4 
CofE 34 13 0.09 0.03 3.0 1.9 7 
Cook 34 na 0.11 Na 6.4 na 1 
Culb-A 17 na 0.06 Na 2.4 na 1 
Culb-B 17 na 0.05 Na 2.5 na 1 
Cull 18 na 0.06 Na 3.2 na 0 
CULP 37 9 0.16 0.04 6.4 8.6 4 
DelW 19 na 0.07 Na 0.7 na 1 
Demo 46 17 0.15 0.06 3.8 2.5 5 
DLUR 132 107 0.36 0.21 11.1 20.8 4 
Dump 21 na 0.11 Na 2.2 na 1 
FSCN 36 na 0.13 Na 4.8 na 1 
FSNJ 39 34 0.11 0.11 4.5 3.7 7 
Hint 8 4 0.21 0.04 0.9 0.9 6 
John 24 10 0.09 0.01 2.4 3.4 7 
Loon 22 2 0.12 0.02 1.4 1.1 2 
Paci 16 na 0.08 Na 0.3 na 1 
Perk 47 10 0.19 0.00 7.8 0.9 2 
PetI-A 132 102 0.34 0.21 13.6 16.0 4 
PetI-d 175 76 0.51 0.29 19.5 9.5 6 
PetI-s 61 3 0.14 0.00 3.5 0.4 2 
PSee 25 na 0.08 Na 3.5 na 1 
Psee (spring) 18 na 0.06 Na 4.1 na 1 
Ril4 72 36 0.18 0.05 10.6 3.2 5 
RilB 24 12 0.05 0.02 4.2 2.2 5 
RilG 37 0 0.13 0.01 0.7 0.7 2 
RilM 97 28 0.25 0.11 16.6 4.8 6 
RILN 26 0 0.08 0.00 2.2 0.2 3 
SEPP 12 13 0.04 0.03 3.3 0.4 6 
SLRE 23 18 0.09 0.02 3.5 1.2 6 
SLRS 54 5 0.19 0.04 1.5 0.3 5 
SLSR 48 na 0.16 Na 3.3 na 2 
SRPH 55 88 0.13 0.16 13.6 23.4 4 
SRPN 194 8 0.69 0.07 30.7 3.5 2 
SRPS 173 103 0.38 0.10 25.0 12.1 5 
SUNB 69 na 0.11 Na 5.9 na 1 
SUNP 28 26 0.08 0.06 2.0 1.8 5 
SUNS 31 2 0.10 0.01 1.7 1.2 2 
SURP 11 2 0.03 0.02 2.7 0.4 6 
WACE 21 5 0.08 0.02 4.0 0.9 6 
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Table 19: Average ionic proportion at each site based upon milli-equivalents per liter for the period between 
May and December 2003. 
Site  Ca2+     Mg2+      Na+       K+        Fe2+    Mn2+       Cl-        Br-       SO42-     
seawater 0.02 0.09 0.39 0.01 0.00 0.00 0.45 0.00 0.05 
Bren 0.29 0.05 0.40 0.02 0.01 0.01 0.19 0.00 0.03 
CofE 0.09 0.07 0.34 0.01 0.04 0.00 0.42 0.00 0.03 
Cook 0.09 0.13 0.43 0.04 0.00 0.00 0.27 0.00 0.04 
Culb-A 0.15 0.14 0.34 0.02 0.05 0.00 0.27 0.00 0.03 
Culb-B 0.15 0.12 0.35 0.02 0.04 0.00 0.28 0.00 0.03 
CULP 0.12 0.11 0.25 0.00 0.21 0.00 0.27 0.00 0.03 
DelW 0.14 0.12 0.35 0.01 0.04 0.00 0.31 0.00 0.01 
Demo 0.07 0.12 0.37 0.03 0.03 0.00 0.34 0.00 0.02 
DLUR 0.06 0.08 0.35 0.02 0.00 0.00 0.46 0.00 0.03 
Dump 0.18 0.20 0.31 0.03 0.03 0.00 0.23 0.00 0.02 
FSCN 0.13 0.14 0.34 0.02 0.03 0.00 0.30 0.00 0.03 
FSNJ 0.11 0.15 0.27 0.02 0.00 0.00 0.41 0.00 0.03 
Hint 0.09 0.06 0.09 0.03 0.66 0.00 0.06 0.00 0.01 
John 0.07 0.07 0.45 0.01 0.07 0.00 0.30 0.00 0.02 
Loon 0.16 0.15 0.25 0.02 0.06 0.00 0.34 0.00 0.02 
Paci 0.21 0.18 0.29 0.02 0.08 0.00 0.22 0.00 0.00 
Perk 0.10 0.10 0.36 0.02 0.04 0.00 0.34 0.00 0.04 
PetI-A 0.05 0.07 0.33 0.04 0.05 0.00 0.41 0.00 0.03 
PetI-d 0.05 0.05 0.38 0.02 0.05 0.00 0.40 0.00 0.03 
PetI-s 0.05 0.12 0.41 0.04 0.00 0.00 0.36 0.00 0.02 
PSee 0.10 0.17 0.35 0.05 0.01 0.00 0.29 0.00 0.03 
Psee (spring) 0.10 0.23 0.31 0.03 0.00 0.00 0.27 0.00 0.05 
Ril4 0.08 0.08 0.36 0.02 0.00 0.00 0.41 0.00 0.04 
RilB 0.12 0.12 0.39 0.02 0.07 0.00 0.25 0.00 0.03 
RilG 0.10 0.13 0.42 0.01 0.03 0.00 0.30 0.00 0.00 
RilM 0.04 0.07 0.39 0.02 0.00 0.00 0.42 0.00 0.05 
RILN 0.10 0.15 0.40 0.03 0.01 0.00 0.28 0.00 0.02 
SEPP 0.15 0.13 0.41 0.00 0.00 0.01 0.25 0.00 0.05 
SLRE 0.07 0.10 0.41 0.03 0.03 0.00 0.32 0.00 0.04 
SLRS 0.04 0.03 0.39 0.02 0.11 0.00 0.40 0.00 0.01 
SLSR 0.04 0.12 0.41 0.02 0.00 0.00 0.38 0.00 0.02 
SRPH 0.07 0.07 0.34 0.02 0.01 0.00 0.41 0.00 0.07 
SRPN 0.03 0.06 0.38 0.02 0.00 0.00 0.46 0.00 0.05 
SRPS 0.04 0.05 0.37 0.01 0.00 0.00 0.47 0.00 0.05 
SUNB 0.07 0.11 0.36 0.03 0.01 0.00 0.39 0.00 0.02 
SUNP 0.07 0.08 0.28 0.01 0.28 0.00 0.26 0.00 0.01 
SUNS 0.13 0.16 0.33 0.03 0.01 0.00 0.32 0.00 0.01 
SURP 0.15 0.09 0.41 0.02 0.00 0.01 0.27 0.00 0.05 
WACE 0.08 0.10 0.41 0.00 0.02 0.00 0.34 0.00 0.05 
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Table 20: Average ionic proportion at each site based upon milli-equivalents per liter for August 2003. 
Site  Ca2+    Mg2+   Na+      K+      Fe2+    Mn2+       Cl-        Br-          SO42-     
seawater 0.02 0.09 0.39 0.01 0.00 0.00 0.45 0.00 0.05 
CofE 0.09 0.07 0.34 0.01 0.06 0.00 0.41 0.00 0.02 
Cook 0.09 0.13 0.43 0.04 0.00 0.00 0.27 0.00 0.04 
Demo 0.07 0.12 0.39 0.04 0.03 0.00 0.34 0.00 0.01 
FSNJ 0.11 0.17 0.29 0.03 0.00 0.00 0.36 0.00 0.03 
Hint 0.08 0.06 0.10 0.03 0.67 0.00 0.06 0.00 0.00 
John 0.08 0.08 0.43 0.01 0.10 0.00 0.29 0.00 0.00 
Loon 0.19 0.19 0.04 0.01 0.09 0.01 0.46 0.00 0.01 
Paci 0.21 0.16 0.29 0.02 0.08 0.00 0.23 0.00 0.00 
Perk 0.09 0.10 0.36 0.02 0.03 0.00 0.36 0.00 0.04 
PetI-A 0.05 0.09 0.35 0.05 0.05 0.00 0.38 0.00 0.02 
PetI-d 0.06 0.06 0.31 0.03 0.06 0.00 0.45 0.00 0.03 
PSee 0.10 0.17 0.35 0.05 0.01 0.00 0.29 0.00 0.03 
Psee (spring) 0.10 0.23 0.31 0.03 0.00 0.00 0.27 0.00 0.05 
Ril4 0.07 0.08 0.38 0.02 0.00 0.00 0.40 0.00 0.04 
RilB 0.25 0.17 0.02 0.02 0.15 0.01 0.36 0.00 0.03 
RilG 0.11 0.14 0.39 0.02 0.02 0.00 0.31 0.00 0.01 
RilM 0.07 0.12 na 0.03 0.00 0.00 0.70 0.00 0.08 
RILN 0.09 0.14 0.46 0.04 0.01 0.00 0.25 0.00 0.01 
SEPP 0.15 0.13 0.46 0.01 0.00 0.01 0.18 0.00 0.07 
SLRE 0.08 0.10 0.45 0.03 0.04 0.00 0.25 0.00 0.05 
SLRS 0.04 0.03 0.38 0.02 0.11 0.00 0.41 0.00 na 
SLSR 0.08 0.20 0.68 0.04 0.00 0.00 na na na 
SRPH 0.04 0.07 0.53 0.04 0.03 0.00 0.27 0.00 0.02 
SRPS 0.03 0.06 0.40 0.02 0.00 0.00 0.44 0.00 0.05 
SUNB 0.07 0.11 0.36 0.03 0.01 0.00 0.39 0.00 0.02 
SUNP 0.08 0.10 0.31 0.02 0.27 0.00 0.19 0.00 0.04 
SUNS 0.15 0.16 0.32 0.02 0.02 0.00 0.32 0.00 0.01 
SURP 0.15 0.09 0.45 0.02 0.00 0.01 0.22 0.00 0.06 
WACE 0.09 0.09 0.38 0.00 0.02 0.00 0.38 0.00 0.03 
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Table 21: Average ionic proportion at each site based upon milli-equivalents per liter for August 2003. 
Site  Ca2+     Mg2+     Na+    K+      Fe2+    Mn2+      Cl-      Br-       SO42-    
seawater 0.02 0.09 0.39 0.01 0.00 0.00 0.45 0.00 0.05 
Bren 0.26 0.04 0.33 0.01 0.00 0.01 0.32 0.00 0.03 
CofE 0.10 0.07 0.34 0.01 0.02 0.00 0.46 0.00 0.01 
CULP 0.11 0.11 0.28 0.00 0.22 0.01 0.27 0.00 0.00 
DLUR 0.07 0.05 0.26 0.02 0.00 0.00 0.54 0.00 0.06 
FSNJ 0.11 0.15 0.24 0.02 0.00 0.00 0.45 0.00 0.03 
Hint 0.09 0.06 0.11 0.03 0.66 0.00 0.06 0.00 0.00 
John 0.06 0.06 0.40 0.01 0.04 0.00 0.38 0.00 0.05 
PetI-d 0.03 0.06 0.41 0.02 0.02 0.00 0.39 0.00 0.07 
Ril4 0.10 0.08 0.28 0.02 0.00 0.00 0.48 0.00 0.04 
RilB 0.11 0.10 0.33 0.01 0.10 0.00 0.34 0.00 0.01 
RilM 0.03 0.06 0.43 0.02 0.00 0.00 0.39 0.00 0.07 
SEPP 0.15 0.13 0.31 0.00 0.00 0.00 0.38 0.00 0.02 
SLRE 0.06 0.09 0.37 0.02 0.01 0.00 0.44 0.00 0.01 
SRPH 0.08 0.07 0.26 0.02 0.00 0.00 0.48 0.00 0.09 
SRPS 0.06 0.04 0.31 0.01 0.00 0.00 0.52 0.00 0.05 
SUNP 0.05 0.06 0.35 0.01 0.25 0.00 0.26 0.00 0.02 
SUNS 0.11 0.15 0.35 0.03 0.01 0.00 0.33 0.00 0.02 
SURP 0.15 0.10 0.40 0.01 0.00 0.00 0.28 0.00 0.04 
WACE 0.08 0.12 0.40 0.00 0.02 0.00 0.33 0.00 0.05 
 
The standard deviations presented in Table 17 and the monthly data presented in the 
ground water appendices indicate seasonal changes in ionic composition of the shallow Clatsop 
Plains ground water. These seasonal changes may result from sea spray input or changes in redox 
potential of the ground water possibly related to changes in water level.  
In the previous discussion on seasonal conductivity changes it was suggested that the 
chemistry at site FSNJ is strongly influenced by sea spray during the rainy season.  Figure 34 
shows the changes in ionic composition at site FSNJ between May and December 2003. The 
concentration values shown on this graph have been divided or multiplied as indicated in the 
legend in order to plot all ions on the same scale. It can be seen that all ions except Fe and Mn 
appear to be well correlated. The ions all increase to a maximum during October and then 
decrease during December. Since the ionic composition of sea water is relatively constant it is 
expected that a strong sea spray influence will influence all ions equally. The exception being Fe 
and Mn which will have concentrations influenced more by redox potential than sea spray.   
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Figure 34: Changes in ionic composition at site FSNJ between May and December 2003. 
Unlike site FSNJ some locations exhibit seasonal changes in ionic composition that 
cannot be explained by sea spray and suggest other processes occurring within the aquifer that 
are adding or sequestering ions from solution. Site JOHN is located along the eastern shore of 
West Lake. The seasonal changes in ionic composition for this site are shown in Figure 35. This 
figure shows that Na, Cl, Mg, and Ca all trend together and decrease during the dry period and 
increase during the rainy season. This behavior could be explained from a sea-spray source 
which would have a fixed ratio between these ions. However, Br has a trend that is opposite. Br 
decreases during the rainy season and increases during the summer. Since Br and Cl are both 
conservative ions, a sea-spray source would result in these two ions having similar trends. 
However, the fact that these two ions have opposite trends suggests another source of Br within 
the aquifer. In addition, the SO4 at this site has a wide range of concentrations. During the rainy 
season the SO4 is high but the concentration falls abruptly during the dry summer period. This 
fluctuation is larger than would be expected from sea-spray alone and suggests redox processes 
involving SO4 are occurring within the shallow aquifer at this location. Since this site is located 
Clatsop Plains Lake Management 
Chapter 2. Hydrogeology of the Clatsop Plains Aquifer 
 92
near a surface water-ground water interface these redox processes may result in the precipitation 
and or dissolution of minerals in the subsurface.  
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Figure 35: Changes in ionic composition at site JOHN between May and December 2003. 
Site HINT is located in the south eastern portion of the Clatsop Plains. The conductivity 
discussion suggested that this site has minimal influence from sea spray.  
Figure 36 shows the seasonal changes in ionic composition at this site. Compared with sites 
JOHN and FSNJ there appears to be relatively little fluctuation in ionic composition. However, 
during October when a sea spray influence would be expected the concentration of all ions 
except Cl and SO4 decrease. The increase in Cl and SO4 could be due to a minimal sea spray 
influence. With the exception of Fe and Mn this possible sea spray influence would be expected 
to increase the other ions as well. As can be seen in the figure this is not the case. In fact the 
other ions decrease. This suggests that another ion source is dominant at this site. In fact a strong 
precipitation and sea spray event may actually dilute the existing water. This could explain the 
simultaneous increase in Cl and SO4 and the decrease in other ions. 
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Figure 36: Changes in ionic composition at site HINT between May and December 2003. 
Comparison of Figure 34 through Figure 36 support the conclusions of the conductivity 
discussion and demonstrate a decreasing sea-spray influence toward the eastern edge of the 
Clatsop Plains. In addition these figures suggest other processes or sources may be controlling 
the ionic composition at sites where sea spray influence is minimal.  
Principle Component Analysis 
Figure 37 is the resulting plot from principle component analysis using the average ionic 
proportions presented in Table 19. The first two principle components account for 56% of the 
variation in the data set. Table 22 is the contribution of each ion to the first two principle 
components. Based on Table 22, sites plotting at low PC1 values may be characterized as having 
high proportions of Cl-, Na+, and SO42-. High PC1 values indicate high proportions of Ca+, Fe2+, 
and Mn2+. Sites with high proportions of Ca+, Mg2+, and Na+ plot with high PC2 values. Sites 
plotting at low PC2 values have high proportions of Br- and Fe2+.   
Sites plotting on the left side of Figure 37 are generally located near the Pacific Ocean. 
These sites are indicated on the figure. In addition, there appears to be a separation between the 
surface water and ground water sites near the ocean. This suggests that sites near the ocean are 
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heavily influenced by the ionic input of sea spray. In addition, the separation of surface and 
ground water suggests chemical processes are altering the chemical composition of the water as 
it passes from the ground water system to the surface water system. This separation could result 
from a loss of Fe as water is oxidized as it moves through the surface water-ground water 
interface. Sites plotting on the right side of the figure tend to be located in the central and eastern 
portion of the Clatsop Plains. This grouping could represent a lower influence of sea spray in 
these portions of the aquifer. 
Table 22: Contribution of each ion to PC1 and PC2 for principle component analysis based average ionic 
proportions 
Ion 
Contribution 
to PC1 
Contribution 
to PC2 
Ca2+  0.43 0.33 
Mg2+  0.23 0.36 
Na+  -0.33 0.43 
K+  -0.01 -0.01 
Fe2+   0.33 -0.53 
Mn2+  0.42 0.29 
Cl- -0.52 -0.05 
Br-   0.04 -0.44 
SO42-  -0.32 0.15 
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Figure 37: Principle component analysis based upon average ionic proportions for Clatsop Plains water between May and December 2003.
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Figure 38 shows the results of principle component analysis for the August ionic 
proportions presented in Table 20. The first two principle components account for 50% of the 
variability in the data set. Table 23 shows the contribution of each ion to the first two principle 
components. High PC1 values indicate high Ca, Mg, and Mn. Low PC1 values indicate high Na, 
Cl, and SO4. High PC2 values indicate high proportions of Fe and Br. Low PC2 values indicate 
high proportions of SO4, Mn, Na, Mg, and Ca.  
The data points in Figure 38 can be grouped geographically into the western, central, and 
eastern Clatsop Plains. Sites on the left side of the figure are characterized by high Na, Cl, and 
SO4. Sites on the right side of the figure have high proportions of Ca, Mg, and Mn. This indicates 
that sites in the western portion of the Clatsop Plains are heavily influenced by sea spray from 
the Pacific Ocean while sites in the eastern portion have a lower influence from sea spray.  
Table 23: Contribution of each ion to PC1 and PC2 for principle component analysis based August 2003 
sampling. 
Ion 
Contribution 
to PC1 
Contribution 
to PC2 
Ca2+  0.53 -0.27 
Mg2+  0.36 -0.29 
Na+  -0.49 -0.28 
K+  -0.11 0.06 
Fe2+   0.28 0.44 
Mn2+  0.38 -0.41 
Cl- -0.19 0.11 
Br-   0.18 0.46 
SO42-  -0.21 -0.42 
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Figure 38: Resulting plot for principle component analysis for Clatsop Plains water based on August 2003 sampling. 
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Figure 39 shows the results of principle component analysis for the December ionic 
proportions presented in Table 21. The first two principle components account for 56% of the 
variability in the data set. Table 24 shows the contribution of each ion to the first two principle 
components. Sites plotting with high PC1 values have high Fe and Mn while sites plotting at low 
PC1 values tend to have high proportions of Cl, SO4 and Na. High PC2 values indicate high 
proportions of Na, Mn, and Ca while low PC2 values indicate high proportions of K, Br, and Fe.  
Figure 39 shows a similar pattern to the previous two graphs. Data points can be grouped 
geographically based upon approximate distance from the Pacific Ocean. The group of sites 
located near the Pacific Ocean can be characterized as having high Cl, SO4, and Na. These ions 
would be expected from sea-spray.  
Table 24: Contribution of each ion to PC1 and PC2 for principle component analysis based December 2003 
sampling. 
Ion 
Contribution 
to PC1 
Contribution 
to PC2 
Ca2+  0.28 0.34 
Mg2+  0.15 0.18 
Na+  -0.29 0.42 
K+  -0.01 -0.47 
Fe2+   0.43 -0.38 
Mn2+  0.42 0.39 
Cl- -0.48 0.10 
Br-   0.13 -0.34 
SO42-  -0.45 -0.18 
 
Overall the results of the principle component analysis show ionic proportions of water of 
the Clatsop Plains is influenced by location. Specifically sites near the Pacific Ocean would be 
expected to have a stronger sea spray influence and sites located away from the ocean have ion 
compositions that are more strongly influenced by other processes such as redox chemistry, ion 
exchange, or water discharging from the Tertiary bedrock. 
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Figure 39: Resulting plot for principle component analysis for Clatsop Plains water based on December 2003 sampling.
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Ion Ratios 
Table 25, Table 26, and Table 27 show the ratios between ions for the average of all 
months, August 2003 and December 2003, respectively. Seawater has also been included in these 
tables for reference.  
Table 25: Ion ratios for Clatsop Plains water based on averages of samples collected between May and 
December 2003. 
Site Ca2+ / Cl- Na+ / Cl- SO42+ / Cl- Br- / Cl- 
Seawater 0.02 0.56 0.14 0.0035 
Bren 0.87 1.37 0.20 0.0077 
CofE 0.12 0.52 0.09 0.0026 
Cook 0.18 1.03 0.19 0.0034 
Culb-A 0.31 0.80 0.14 0.0034 
Culb-B 0.30 0.83 0.15 0.0029 
Cull na na 0.18 0.0034 
CULP 0.24 0.60 0.17 0.0042 
DelW 0.26 0.74 0.04 0.0035 
Demo 0.12 0.71 0.08 0.0033 
DLUR 0.07 0.49 0.08 0.0027 
Dump 0.43 0.87 0.10 0.0049 
FSCN 0.25 0.76 0.13 0.0037 
FSNJ 0.15 0.43 0.11 0.0027 
Hint 0.77 0.85 0.11 0.0270 
John 0.13 0.98 0.10 0.0037 
Loon 0.27 0.48 0.07 0.0056 
Paci 0.53 0.83 0.02 0.0054 
Perk 0.17 0.70 0.17 0.0040 
PetI-A 0.08 0.51 0.10 0.0026 
PetI-d 0.08 0.62 0.11 0.0029 
PetI-s 0.07 0.75 0.06 0.0023 
PSee 0.20 0.77 0.14 0.0034 
Psee (spring) 0.21 0.73 0.23 0.0031 
Ril4 0.11 0.57 0.15 0.0026 
RilB 0.28 1.02 0.17 0.0020 
RilG 0.20 0.92 0.02 0.0036 
RilM 0.05 0.60 0.17 0.0026 
RILN 0.20 0.92 0.08 0.0032 
SEPP 0.34 1.07 0.27 0.0036 
SLRE 0.13 0.85 0.15 0.0041 
SLRS 0.05 0.63 0.03 0.0035 
SLSR 0.06 0.68 0.07 0.0033 
SRPH 0.09 0.54 0.24 0.0023 
SRPN 0.04 0.54 0.16 0.0036 
SRPS 0.05 0.52 0.15 0.0022 
SUNB 0.11 0.59 0.09 0.0016 
SUNP 0.15 0.71 0.07 0.0028 
SUNS 0.23 0.66 0.05 0.0032 
SURP 0.32 0.99 0.24 0.0031 
WACE 0.13 0.79 0.19 0.0037 
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Table 26: Ion ratios for Clatsop Plains water based on August 2003 water samples. 
Site Ca2+ / Cl- Na+ / Cl- SO42+ / Cl- Br- / Cl- 
seawater 0.02 0.56 0.14 0.0035 
CofE 0.12 0.54 0.07 0.0033 
Cook 0.18 1.03 0.19 0.0034 
Demo 0.12 0.75 0.04 0.0032 
FSNJ 0.18 0.52 0.12 0.0018 
Hint 0.76 1.10 0.07 0.0300 
John 0.16 0.98 0.01 0.0052 
Loon 0.24 0.05 0.03 0.0066 
Paci 0.53 0.83 0.02 0.0054 
Perk 0.13 0.64 0.16 0.0035 
PetI-A 0.07 0.61 0.08 0.0035 
PetI-d 0.08 0.45 0.10 0.0035 
PSee 0.20 0.77 0.14 0.0034 
Psee (spring) 0.21 0.73 0.23 0.0031 
Ril4 0.10 0.61 0.15 0.0029 
RilB 0.39 0.04 0.12 0.0017 
RilG 0.20 0.81 0.03 0.0039 
RilM 0.06 na 0.16 0.0033 
RILN 0.21 1.19 0.07 0.0031 
SEPP 0.48 1.70 0.57 0.0057 
SLRE 0.18 1.18 0.28 0.0050 
SLRS 0.05 0.60 na 0.0029 
SRPH 0.08 1.29 0.09 0.0030 
SRPS 0.04 0.59 0.17 0.0028 
SUNB 0.11 0.59 0.09 0.0016 
SUNP 0.23 1.08 0.26 0.0038 
SUNS 0.26 0.64 0.03 0.0033 
SURP 0.39 1.33 0.34 0.0027 
WACE 0.13 0.64 0.10 0.0027 
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Table 27: Ion ratios for Clatsop Plains water based on December 2003 water samples. 
Site Ca2+ / Cl- Na+ / Cl- SO42+ / Cl- Br- / Cl- 
seawater 0.02 0.56 0.14 0.0035 
Bren 0.47 0.67 0.13 0.0024 
CofE 0.12 0.48 0.02 0.0004 
CULP 0.23 0.67 0.02 0.0046 
DLUR 0.07 0.31 0.14 0.0023 
FSNJ 0.14 0.34 0.10 0.0029 
Hint 0.88 1.23 0.06 0.0271 
John 0.09 0.69 0.20 0.0019 
PetI-d 0.04 0.67 0.23 0.0020 
Ril4 0.12 0.38 0.12 0.0018 
RilB 0.18 0.64 0.05 0.0017 
RilM 0.05 0.70 0.23 0.0019 
SEPP 0.23 0.52 0.08 0.0026 
SLRE 0.08 0.54 0.03 0.0019 
SRPH 0.09 0.35 0.26 0.0019 
SRPS 0.06 0.39 0.13 0.0016 
SUNP 0.12 0.85 0.12 0.0024 
SUNS 0.19 0.69 0.09 0.0030 
SURP 0.31 0.91 0.19 0.0040 
WACE 0.14 0.78 0.20 0.0048 
 
A common trend in the above tables are a Ca/Cl ratio higher than seawater. This suggests 
an enrichment in Ca in the shallow ground water of the Clatsop Plains. Figure 40 shows a plot of 
Ca and Cl for all water samples collected between May and December 2003. The seawater ratio 
is included on this plot for reference. This figure clearly demonstrates that the Ca in the shallow 
Clatsop Plains aquifer is greater than would be expected from a sea water source. In addition, 
this ratio increases towards the east. Figure 41 and Figure 42 demonstrate this trend. This 
suggests that whatever process is adding Ca to solution is not related to sea spray and may be 
related to either dissolution of minerals within the shallow aquifer or a chemical signature from 
water with a Tertiary bedrock source.  
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Figure 40: Relationship between Ca and Cl in the shallow Clatsop Plains aquifer. Figure based on water 
samples collected between May and December 2003. Error bars are shown in grey. 
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Figure 41: Ca2+ / Cl- ratio for the shallow Clatsop Plains aquifer based on August 2003 sampling. 
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Figure 42: Ca2+ / Cl- ratio for the shallow Clatsop Plains aquifer based on December 2003 sampling. 
Table 25, Table 26, and Table 27 all show a wide range in the Br/Cl ratio. Some sites 
show values above that of seawater (0.0034) indicating an excess of Br while other sites show 
values less than the seawater ratio indicating an excess of Cl. Since both ions behave 
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conservatively, changes in the ratio between the two may be a result of anthropogenic inputs to 
the shallow aquifer. Figure 43 shows the relationship between Br and Cl for all water samples 
collected between May and December 2003. From this figure it can be seen that most sites plot 
below the seawater line. This indicates an excess of Cl. A paired t-test was conducted between 
observed Br and predicted Br based upon the seawater ratio. At a significance level of 95% it 
was found that the observed and predicted Br are different. This suggests that something is 
altering the ratio between these two ions.  
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Figure 43: Relationship between Br and Cl in the shallow Clatsop Plains aquifer. Figure based on water 
samples collected between May and December 2003. Error bars are shown in grey. 
The differences in the Br/Cl ratio also appear to have a spatial significance. Figure 44 and 
Figure 45 show the distribution of Br/Cl ratios for August and December 2003, respectively. 
Sites shown by hollow circles indicate points with a Br/Cl ratio 30% less than seawater 
indicating excess Cl. Points shown in solid circles have Br/Cl ratios 30% greater than seawater 
suggesting an excess of Br. These figures also demonstrate what appears to be a significant 
seasonal shift in the ratios. During August only a few sites have low ratios. However, during 
December the number of low ratio sites increases especially near the ocean. The reasons behind 
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the changes in Br/Cl ratio throughout the shallow Clatsop Plains aquifer are currently unknown 
and should be the focus of further research before conclusions can be made. 
 
 
Figure 44: Distribution of Br-/Cl- ratios in the shallow Clatsop Plains groundwater for August 2003. 
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Figure 45: Distribution of Br-/Cl- ratios in the shallow Clatsop Plains groundwater for August 2003. 
Summary of Ground Water Chemistry  
Iron and manganese were found in excedence of the EPA guidelines for drinking water in 
portions of the shallow aquifer. These high concentrations are probably related to redox reactions 
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within the shallow aquifer. It is unknown whether high values of iron and manganese are found 
at depth within the aquifer; however, other research has shown that Fe concentrations decrease 
with depth in similar settings (Frank, 1970; Magaritz and Luzier, 1985).  
The wide range of iron concentrations suggests that redox chemistry is an important 
aspect of the shallow Clatsop Plains aquifer. These types of chemical reactions may also be 
important to ground water movement through the aquifer. At the transition between areas of low 
and high redox, precipitation of iron oxide minerals may occur. This mineral precipitation may 
reduce the hydraulic conductivity of the sediment and alter ground water flow. The interface 
between surface water and ground water could provide such an environment and as a result 
changes in hydraulic conductivity may occur over time. Further investigation is needed in order 
to prove or disprove this hypothesis.    
As is demonstrated by the conductivity and PCA analysis, sea spray may locally have an 
important influence upon the chemistry of the shallow aquifer. This process is seasonal with an 
increase in sea-spray during October and December probably as result of increased winds 
coming off the Pacific Ocean. The influence of sea-spray decreases toward the eastern portions 
of the aquifer. This general trend may also explain the lower conductivity measurements in the 
surface water of Cullaby Lake and the higher measurements in Sunset Lake. 
Ion ratios reveal that throughout the shallow Clatsop Plains aquifer the concentration of 
Ca is greater than would be expected from a sea water source. This observation is consistent with 
previous research in coastal dune aquifers (Frank, 1970; Stuyfzand, 1984; Thomas, 1995) and 
suggests the presence of chemical processes within the shallow aquifer that are adding Ca to 
solution. These processes could include ion exchange or dissolution of shell fragments 
(Stuyfzand, 1984). However, more research is needed in order identify the Ca source. 
Ion ratios also reveal an excess of Cl in relation to Br at many locations. Both ions are 
conservative in the ground water and would be expected to have a sea water source. Therefore 
the seawater ratio should be preserved. Excess Cl in relation to Br in similar settings has been 
attributed to anthropogenic sources such as fertilizer and septic tanks by other researchers 
(Andreasen and Fleck, 1997). However, a connection between high Cl and anthropogenic 
pollution would require further investigation. In addition, some areas have Br that is in excess of 
what is expected from seawater. It is unclear what may be adding Br to the aquifer and further 
investigation may be required in order to identify potential sources. 
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Overall the ion ratios reveal that sea spray is not the only process influencing the shallow 
aquifer. Although sea spray is locally important, other processes such as anthropogenic 
contamination, mineral precipitation and dissolution, redox chemistry, and possible influence 
from water with a Teritiary bedrock source may also play key roles in the observed chemistry of 
the shallow aquifer. However, further detailed study may be required in order to fully understand 
these processes. The redox chemistry of the Clatsop Plains may be driven by the presence of 
organic carbon. Future research could be directed at quantifying the amount of organic carbon 
present in the aquifer as well as identifying probable sources. This could provide a better 
understanding of redox chemistry in the Clatsop Plains aquifer. In addition, future research 
should also include alkalinity determinations which could be used to gain a more complete 
chemical understanding of the aquifer as well as allow the calculation of charge balances which 
can be used to identify potential analytical error. Deeper ground water should also be sampled. 
This could provide an understanding of the chemical evolution of ground water as it moves 
though different depths in the aquifer.  
The type of future research that would be most useful is intensive study of smaller areas. 
For example the placement of nested piezometers around and in one lake could reveal a better 
understanding of the chemical flux between the ground water and surface water environments. 
This type of research could be used to determine the possibility of mineral precipitation at the 
ground water-surface water interface. In addition this type of study could be coupled with a 
mineralogical analysis of the shallow aquifer that would allow for a more complete 
understanding of the chemical reactions taking place in the shallow aquifer.   
Nutrients in the Shallow Clatsop Plains Aquifer 
Importance 
Nutrient cycling and transport through the ground water system is a potentially important 
aspect of the local hydrology of the Clatsop Plains. The primary water input to the interdunal 
lakes of the Clatsop Plains is precipitation and ground water with only a few lakes having 
significant surface water inflows or outflows. Since local precipitation contains a relatively low 
concentration of nutrients (Sweet, 1981), ground water may be one of the primary potential 
sources of nutrient input for many of the lakes. Unfortunately, ground water nutrient transport is 
a complicated process. The following is a discussion of nutrient cycling in the ground water 
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environment followed by a summary of nutrient data collected in this study. Conclusions are 
made regarding the chemical processes which may be affecting nutrients in the shallow aquifer. 
When this information is coupled with the local potentiometric surface and ground water flow 
paths, a more comprehensive understanding of nutrient transport and lake eutrophication can be 
developed. 
Under the right circumstances many elements may limit biological activity; however, 
nitrogen and phosphorus are the most common limiting nutrients in freshwater systems (Kalff, 
2002). Therefore nitrogen and phosphorous will be the focus of the following discussion and 
analysis. 
Role of organic carbon 
To understand the fate and transport of nutrients in the ground water environment, a brief 
discussion of reduction-oxidation (redox) biochemical processes is required. As will be discussed 
later, the redox potential of the ground water can have significant impacts upon nutrient 
transport. 
Bacteria in the subsurface environment use organic carbon as an energy source (Hanson 
et al., 1994; D’Angelo and Reddy, 1994b). In order for the bacteria to produce energy, organic 
carbon must be oxidized according to Equation 16.  
 
  [CH2O]n + nH2O → nCO2 + 4ne- +4nH+  Equation 16 
 
In this reaction, organic carbon is oxidized to carbon dioxide. This reaction produces free 
electrons. As a result, Equation 16 must be coupled to the reduction of another element that is 
able to accept these electrons. This reduced element is known as the terminal electron acceptor. 
Bacteria can use a variety of elements as the terminal electron acceptor.  The reactions governing 
the most common terminal electron acceptors are presented in Equations 17 through 22 (Mitsch 
and Gosselink, 1993).  
 
  O2 + 4e- + 4H+ → 2H2O    Equation 17 
 
  2NO3- + 10e- + 12H+ → N2 + 6H2O   Equation 18 
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  MnO2 + 2e- + 4H+ → Mn++ + 2H2O   Equation 19 
 
  Fe(OH)3 + e- + 4H+ → Fe++ + 3H2O   Equation 20 
 
  SO4-2 + 8e- + 9H+ → HS- + 4H2O   Equation 21 
 
  CO2 + 8e- + 8H+ → CH4 + 2H2O   Equation 22 
 
The energy produced from the above reactions is not equal and bacteria will 
preferentially reduce the terminal electron acceptors that provide the most energy. Oxygen is the 
preferred terminal electron acceptor and is the first to be oxidized in the ground water 
environment. This reaction removes oxygen from the ground water system. After the depletion 
of oxygen, the general order of preference is nitrogen, manganese, iron, sulfur, and carbon 
(Ptacek, 1998). As each terminal electron acceptor is reduced and consumed, the measured redox 
potential of the water decreases. Table 28 outlines the approximate redox potential at which each 
element is utilized as a terminal electron acceptor (Mitsch and Gosselink, 1993). 
   
Table 28: Terminal electron receptors for the oxidation of organic carbon 
Element Oxidized Form 
Reduced 
Form 
Approximate Redox 
Potential Needed to 
drive reaction (mV) 
O O2 H2O 400 to 600 
N NO3- 
N2O, N2, 
NH4+ 
250 
Mn Mn+4 Mn+2 225 
Fe Fe+++ Fe++ 120 
S SO4-2 S- -75 to -150 
C CO2 CH4 -250 to -350 
 
Clatsop Plains Lake Management 
Chapter 2. Hydrogeology of the Clatsop Plains Aquifer 
 113
Nitrogen in the Ground Water Environment 
Typical sources of nitrogen include runoff from agricultural areas or golf courses (Casey 
et al., 2001), discharge from septic systems (Hanson et al., 2001), and natural sources such as 
nitrogen fixation by vegetation (Mitsch and Gosselink, 1993). The most common forms of 
nitrogen in ground water are nitrate (NO3-), ammonium (NH4+), and nitrite (NO2-). In addition, 
nitrogen gas (N2) and ammonia (NH3) may be present although they are much less common 
(Behnke, 1975). The nitrogen from septic system effluent is usually in the form of ammonium, 
but is quickly converted to nitrate in the unsaturated zone as described by Equations 23 and 24 
(Harmon et al., 1996).  
 
  NH4+ + 3/2O2 → NO2- + 2H+ + H2O   Equation 23 
 
  2NO2- + O2 → 2NO3-     Equation 24 
 
Under aerobic conditions, oxygen is readily available and is the preferred terminal 
electron acceptor for microbial processes. In this situation nitrogen will either be oxidized from 
ammonium to either nitrate or nitrite, or will remain in an oxidized state.  Nitrogen in the 
oxidized state is easily transported through an aquifer. Nitrate and nitrite do not readily adsorb to 
sediment and are not easily precipitated from solution (Ptacek, 1998). As a result, aerobic 
environments are conducive to nitrogen transport. 
 Under anaerobic ground water conditions, oxygen is not present and nitrate may either 
be reduced to ammonium by the reverse of Equations 23 and 24 or the nitrate will be used by 
bacteria as a terminal electron acceptor for the metabolism of organic carbon. Equation 25 
represents use of nitrate as a terminal electron acceptor (Truedell et al., 1986; Mitsch and 
Gosselink, 1993). This equation is non-reversible since it is driven by microbial activity and 
results in reduction of nitrate to nitrogen gas.  
 
 CH2O + 4/5NO3- → 2/5N2 + HCO3- + 1/5H+ + 2/5H2O Equation 25 
 
This nitrogen gas is then able to leave the ground water system in a process known as 
denitrification. Based on Equation 25, 1.25 mols of organic carbon are needed for every 1 mol of 
Clatsop Plains Lake Management 
Chapter 2. Hydrogeology of the Clatsop Plains Aquifer 
 114
nitrate that is denitrified. Therefore as long as anaerobic conditions are maintained and a supply 
of organic carbon is present, nitrogen can permanently be taken out of the ground water system 
through denitrification. 
In addition to denitrification, there are other temporary nitrogen sinks. Ammonium can be 
adsorbed onto clay particles or incorporated into their structure as an interlayer cation. However, 
nitrogen can be released back into the ground water system upon oxidation of the ammonium ion 
or through cation exchange (Behnke, 1974; Moore and Reynolds, 1997). Nitrate, nitrite, and 
ammonium can also be incorporated into biological organisms and removed from the ground 
water flow. However, nitrogen tied up in biological organisms will be released back into the 
system upon the death of the organism (Mitsch and Gosselink, 1993).  
Phosphorus in the Ground Water Environment 
The sources of phosphorus are generally similar to the sources of nitrogen and include 
anthropogenic sources such as septic systems and agricultural runoff. In addition, the dissolution 
of phosphorus-bearing minerals such as vivianite (Fe3(PO4)2.8H2O)  and fluoroapatite 
(Ca10(PO4)6F2) can act as natural phosphorus sources (Kelly et al., 1999; Hinsinger and Gilkes, 
1997).  Lower pH and chemical modification due to the presence of roots may enhance these 
processes in the rhizosphere (Hinsinger and Gilkes, 1997). At a pH range of 4-10 phosphate is 
typically available as either H2PO4- or HPO4-2 (Weiskel and Howes, 1992). Unlike nitrogen, 
phosphorus is not directly affected by redox chemistry. Instead, the availability and 
immobilization of phosphorus is closely tied to other ground water ions and the availability of 
adsorption sites which are both affected by redox reactions and pH (Ptacek, 1998).  
The factors affecting phosphate precipitation include the redox potential of the water and 
the pH. Changes in pH and redox can have a great impact upon the ionic composition of the 
water especially with respect to Fe and Al which can lead to conditions favorable for the 
precipitation of phosphate minerals (Zanini et al., 1998).  Common phosphate precipitates 
include Ca, Al, and Fe minerals such as vivianite, hydroxyapatite, and variscite (Ptacek, 1998; 
Zanini et al., 1998). However, the slow reaction rate of hydroxyapatite precipitation may exclude 
it from phosphate immobilization over short time scales (Zanini et al., 1998). 
Due to its negative charge, phosphate is readily adsorbed onto metal oxide surfaces, 
especially iron oxide. This adsorption can temporarily remove phosphate from the ground water 
system. However, over time a substrate can become saturated with phosphate and no more 
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adsorption can take place resulting in the slow migration of a contaminant plume through 
sediments that may otherwise provide good adsorption (Mitch and Gosselink, 1993; Richardson, 
1985; Harman et al., 1996). In addition, iron oxides are only stable under aerobic conditions. 
Under anaerobic conditions the iron is reduced to a soluble form as represented in Equation 5. As 
iron is reduced, the adsorption sites available for phosphate are decreased. If no adsorption sites 
are available the phosphate is free to move through the ground water system and the only 
removal may be from mineral precipitation (Casey et al., 2001; Carlyle and Hill, 2001). 
Phosphorus can also be incorporated into organisms but as with nitrogen this removal is only 
temporary (Richardson, 1985; Mitch and Gosselink, 1993). 
Nutrient Concentrations in a Coastal Sand Dune Aquifer 
Table 29 shows the typical range of nutrient concentrations encountered in a coastal dune 
aquifer as well as the range of concentrations in septic tank effluent. The typical concentrations 
are based upon previous research in the Clatsop Plains (Frank, 1970) and on Long Beach 
Peninsula, Washington (Thomas, 1995). Septic tank effluent has high levels of phosphate, 
organic carbon, and nitrogen as ammonium. However, as previously stated, upon release into the 
unsaturated zone this ammonium is quickly converted to nitrate or nitrite.  
Table 29: Typical range of nutrient values encountered in the ground water environment of a coastal sand 
aquifer. Also presented is the range of concentrations found in septic tank effluent. (Carlson, 2000; Thomas, 
1995; Frank, 1970). 
Parameter 
Typical concentration 
coastal sand aquifer (ppm) 
Septic Tank Effluent 
(ppm) 
N as NH4+ Less than 0.1 30 - 130 (as N) 
N as NO3- + NO2- Less than 1.5 0 - 1.3 (as N) 
P as PO43- Less than 0.03 9 – 20 (as P) 
Dissolved organic 
carbon Na 35 - 95 
 
Nitrate/Nitrite 
Combined nitrate + nitrite concentrations for ground water were relatively low over most 
of the Clatsop Plains compared with the EPA drinking water standard of 10 ppm (EPA, 1986). 
Sites SURP, BREN, SEPP, WACE, and FSNJ had the highest nitrate concentrations, however no 
site exceeded the drinking water standard. Table 30 shows all of the measured nitrate + nitrite 
concentrations for ground water sites and selected surface water locations. Figure 46 and Figure 
47 show the spatial distribution of nitrate + nitrite concentrations across the Clatsop Plains for 
August and December 2003. These two months were selected for display because they represent 
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a summer and winter sampling. For site names and descriptions please refer to the sample 
location section. 
An area of high nitrate is consistently encountered southeast of Sunset Lake at wells 
SURP, SEPP, BREN, and PSEE (spring). Another area of high nitrate is located northwest of 
Smith Lake at site WACE. In addition there appears to be seasonal trends in the nitrate values at 
many of the sampling sites. Figure 48 shows the nitrate concentration at sites SEPP and WACE 
between May and December 2003. These seasonal trends in nitrate concentrations may be the 
result of interplay between nitrate source and precipitation or ground water levels. 
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Figure 46: Nitrate + nitrite concentrations (ppm as N) for August 2003 sampling of the shallow Clatsop plains 
aquifer, OR. 
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Figure 47: Nitrate + nitrite concentrations (ppm as N) for December 2003 sampling of the shallow Clatsop 
Plains aquifer, OR. 
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Table 30: Nitrate/Nitrite concentrations (ppm as N) for surface and ground water sites of the Clatsop Plains. 
Normal font indicates ground water sample, italics indicate surface water sample, and grey text indicates 
values below the detection limit. 
Site May June  July Aug Sep Oct Dec Average 
Bren  0.0456   0.005 0.0077 2.3 0.59 
CofE 0.0348 0.0185 0.0059 0.0098 0.0068 0.0109 0.442 0.08 
Cook    0.0886    0.09 
Culb-A     0.0216   0.02 
Cull     0.007   0.01 
CULP   0.005  0.0133 0.005 0.005 0.01 
DelW  0.0115      0.01 
Demo  0.0146 0.0092 0.0113 0.0156 0.0148  0.01 
DLUR 0.0178 0.0094 0.0117    0.0325 0.02 
Dump   0.111     0.11 
FSCN   0.0736     0.07 
FSNJ 0.0989 0.145 0.181 0.0868 0.124 0.361 2.58 0.51 
Hint  0.0288 0.02 0.0529 0.0131 0.0125 0.0173 0.02 
John 0.0202 0.0107 0.0088 0.0164 0.0057 0.0053 0.0158 0.01 
Loon    0.132 0.0103   0.07 
Paci    0.0161    0.02 
Perk    0.111 0.235   0.17 
PetI-A   0.0149 0.0148 0.0186 0.0181  0.02 
PetI-d  0.0347 0.0253 0.0228 0.0175 0.0174 0.0107 0.02 
PetI-s  0.0203 0.0148     0.02 
PSee    0.393    0.39 
Psee (spring)    3.01    3.01 
Ril4  0.0064 0.0064 0.0133 0.0138 0.011 0.0217 0.01 
RilB 0.0109 0.0095 0.0114 0.0154   0.0093 0.01 
RilG   0.012 0.0189    0.02 
RilM 0.0309 0.015 0.0217 0.0177 0.0177  0.019 0.02 
RILN  0.0119 0.0211 0.0162    0.02 
SEPP 2.33 2.67  0.531 0.24 0.0092 5.03 1.80 
SLRE  0.0121 0.0089 0.0098 0.0053 0.0066 0.009 0.01 
SLRS  0.0108 0.0135 0.0105 0.0079 0.0102  0.01 
SLSR   0.0142 0.0291    0.02 
SRPH  0.0137 0.0058 0.0102   0.025 0.01 
SRPN  0.0311 0.0188     0.02 
SRPS  0.0185 0.0085 0.0097 0.0126  0.0373 0.02 
SUNB    0.0279    0.03 
SUNP  0.0155  0.0288 0.0244 0.019 0.0157 0.02 
SUNS    0.0235   0.144 0.08 
SURP 2.75 2.78  4.36 4.73 6.15 6.12 4.48 
WACE 1.43 2.04   2.72 3.19 3.28 2.84 2.58 
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Figure 48: Seasonal Nitrate + Nitrite (ppm as N) trends at wells SEPP and WACE between May and 
December 2003, Clatsop Plains, OR. 
As mentioned in the previous section, the redox potential of water plays a major role in 
the amount of nitrate present. Figure 49 is a graph showing the relationship between nitrate 
concentration and the measured redox potential for the Clatsop Plains water samples. There are 
no high nitrate values at low redox potential. This suggests that areas of low redox in the shallow 
Clatsop Plains aquifer may be acting as a nitrogen sink and removing nitrogen from the system 
through denitrification. In addition, sediment on the bottom of the lakes may provide a low redox 
barrier that hinders movement of nitrogen into the lake system.  
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Figure 49: Relationship between redox potential and nitrate/nitrite concentrations (ppm as N) from Clatsop 
Plains water sampling, May through Dec. 2003. Detection limit of nitrate + nitrite is 0.005 ppm. 
Ammonia  
Figure 50 and Figure 51 show the spatial distribution of ammonia in the Clatsop Plains 
for August and December 2003. Table 31 shows the ammonia values for the Clatsop Plains 
between May and December 2003 for all sample sites.  
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Figure 50: Ammonia concentrations (ppm as N) in the Clatsop Plains for August 2003 sampling. 
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Figure 51: Ammonia concentrations (ppm as N) for the Clatsop Plains for December 2003 sampling. 
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Table 31: Ammonia concentrations (ppm as N) for surface and ground water sites of the Clatsop Plains. 
Normal font indicates ground water sample, italics indicate surface water sample, grey text indicates below 
detection limits. 
Site May June July Aug Sep Oct Dec Average 
Bren  0.02   0.02 0.03 0.03 0.03 
CofE 0.03 0.02 0.03 0.03 0.03 0.03 0.02 0.03 
Cook    0.04    0.04 
Culb-A     0.05   0.05 
Cull     0.02   0.02 
CULP   0.4  0.04 0.15 0.12 0.18 
DelW  0.05      0.05 
Demo  0.04 0.03 0.04 0.05 0.04  0.04 
DLUR 0.03 0.04 0.02    0.02 0.03 
Dump   0.05     0.05 
FSCN   0.14     0.14 
FSNJ 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 
Hint  0.79 0.98 0.84 1 0.69 0.73 0.84 
John 0.25 0.14 0.15 0.17 0.16 0.18 0.12 0.17 
Loon    0.02 0.02   0.02 
Paci    0.02    0.02 
Perk    0.04 0.07   0.06 
PetI-A   0.09 0.3 0.16 0.26  0.20 
PetI-d  0.12 0.18 0.12 0.32 0.09 0.06 0.15 
PetI-s  0.02 0.03     0.03 
PSee    0.06    0.06 
Psee (spring)    0.02    0.02 
Ril4  0.02 0.03 0.02 0.02 0.02 0.04 0.03 
RilB 0.02 0.06 0.08 0.05   0.08 0.06 
RilG   0.03 0.02    0.03 
RilM 0.02 0.02 0.03 0.02 0.02  0.02 0.02 
RILN  0.02 0.04 0.02    0.03 
SEPP 0.02 0.08  0.03 0.02 0.02 0.02 0.03 
SLRE  0.03 0.04 0.02 0.02 0.02 0.02 0.03 
SLRS  0.06 0.07 0.06 0.06 0.06  0.06 
SLSR   0.04 0.04    0.04 
SRPH  0.04 0.03 0.03   0.02 0.03 
SRPN  0.04 0.02     0.03 
SRPS  0.02 0.02 0.02 0.02  0.03 0.02 
SUNB    0.05    0.05 
SUNP  0.61  0.34 0.3 0.5 0.48 0.45 
SUNS    0.03   0.09 0.06 
SURP 0.02 0.02  0.03 0.02 0.02 0.02 0.02 
WACE 0.02 0.06   0.05 0.04 0.04 0.04 0.04 
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The highest concentrations of ammonia are found at sites HINT, JOHN, SUNP, CULP, 
and PETI. These sites all have low measured redox potential which may play a role in the 
presence of ammonia. Ammonia is a reduced form of nitrogen and has the opposite relationship 
with redox potential as nitrate. Figure 52 shows the distribution of ammonia concentration with 
respect to redox potential. At high redox potentials ammonia concentrations are relativly low or 
below detection. This suggests the ammonia is being oxidized to nitrate or nitrite.  
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Figure 52: Relationship between redox potential and ammonia concentrations (ppm as N) for all Clatsop 
Plains water sampling May through December 2003. Detection limit for ammonia is 0.02 ppm.  
Phosphorus 
Table 32 shows the dissolved orthophosphate concentrations for the Clatsop Plains 
between May and December 2003. It can be seen that the concentrations are generally less than 
0.1 ppm but may locally approach 0.5 ppm. Table 33 shows the total phosphorus concentrations 
for the Clatsop Plains over the same time period. The total phosphate ranges from a low of 0.04 
ppm at site COFE to a high of 0.52 ppm at site PETI-A. Many of the sites have high levels of 
total phosphorous. For comparison EPA has stated that any stream flowing into a lake or 
reservoir should not exceed 0.05 ppm total phosphorus in order to prevent eutrophication. No 
limits have been established for ground water used for human consumption (EPA, 1986).  Nearly 
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all sites exceed this surface water eutrophication level throughout most of the sampling period. 
In addition, some sites show a seasonal trend in phosphorus concentration. An example of this is 
presented in Figure 57 for sites FSNJ and SLRE. At both sites the dissolved orthophosphate and 
the total phosphate decline during the December sampling. Figure 53 and Figure 54 are maps 
showing the spatial distribution of dissolved orthophosphate for August and December 2003. 
Figure 55 and Figure 56 show the spatial distribution of total phosphorus for the same time 
periods. 
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Table 32: Dissolved orthophosphate concentrations (ppm as P) for surface and ground water sites of the 
Clatsop Plains. Normal font indicates ground water sample, italics indicate surface water sample, grey text 
indicates below detection limits. 
Site May June July Aug Sep Oct Dec Average 
Bren  0.005   0.006 0.005 0.005 0.01 
CofE 0.005 0.005 0.007 0.01 0.005 0.006 0.005 0.01 
Cook    0.265    0.27 
Culb-A     0.029   0.03 
Cull     0.019   0.02 
CULP     0.033 0.03 0.02 0.03 
DelW  0.018      0.02 
Demo  0.306 0.676 0.353 0.218 0.281  0.37 
DLUR 0.018 0.02 0.021    0.005 0.02 
Dump   0.131     0.13 
FSCN   0.07     0.07 
FSNJ 0.013 0.014 0.016 0.012 0.01 0.01 0.006 0.01 
Hint  0.053 0.055 0.053 0.055 0.056 0.048 0.05 
John 0.011 0.014 0.013 0.011 0.012 0.008 0.007 0.01 
Loon    0.036 0.036   0.04 
Paci    0.015    0.02 
Perk    0.066 0.085   0.08 
PetI-A   0.57 0.535 0.216 0.517  0.46 
PetI-d  0.005 0.336 0.47 0.733 0.461 0.699 0.45 
PetI-s  0.005 0.017     0.01 
PSee    0.098    0.10 
Psee (spring)    0.036    0.04 
Ril4  0.023 0.033 0.027  0.033 0.018 0.03 
RilB 0.061 0.06 0.069 0.066   0.066 0.06 
RilG   0.048 0.026    0.04 
RilM 0.013 0.021 0.021 0.016 0.015  0.015 0.02 
RILN  0.033 0.053 0.03    0.04 
SEPP 0.006 0.008  0.01 0.014 0.01 0.008 0.01 
SLRE  0.028 0.026 0.028 0.029 0.023 0.014 0.02 
SLRS  0.085 0.09 0.095 0.094 0.085  0.09 
SLSR   0.007 0.006    0.01 
SRPH  0.017 0.098 0.078   0.006 0.05 
SRPN  0.017 0.022     0.02 
SRPS  0.02 0.026 0.032 0.031  0.011 0.02 
SUNB    0.044    0.04 
SUNP  0.269  0.134 0.125 0.101 0.159 0.16 
SUNS    0.015   0.028 0.02 
SURP 0.005 0.006  0.008 0.007 0.005 0.007 0.01 
WACE 0.008 0.007   0.005 0.006 0.005 0.005 0.01 
 
 
 
Clatsop Plains Lake Management 
Chapter 2. Hydrogeology of the Clatsop Plains Aquifer 
 128
Table 33: Total phosphate concentrations (ppm as P) for surface and ground water sites of the Clatsop Plains. 
Normal font indicates groundwater sample, italics indicate surface water sample, grey text indicates below 
detection limits. 
Site May June July Aug Sep Oct Dec Average 
BREN  0.19   0.08 0.06 0.02 0.09 
COFE 0.08 0.02 0.03 0.05 0.06 0.04 0.01 0.04 
COOK    0.34    0.34 
CULB-A     0.08   0.08 
CULL     0.08   0.08 
CULP   0.13  0.08 0.16 0.07 0.11 
DELW  0.06      0.06 
DEMO  0.35 0.56 0.42 0.26 0.29  0.38 
DLUR 0.07 0.05 0.05    0.04 0.05 
DUMP   0.16     0.16 
FSCN   0.23     0.23 
FSNJ 0.06 0.04 0.04 0.14 0.08 0.03 0.01 0.06 
HINT  0.13 0.25 0.19 0.2 0.13 0.08 0.16 
JOHN 0.5 0.19 0.11 0.07 0.28 0.15 0.13 0.20 
LOON    0.13 0.1   0.12 
PACI    0.15    0.15 
PERK    0.12 0.15   0.14 
PETI-A   0.64 0.66 0.48 0.72  0.63 
PETI-D  0.49 0.42 0.62 0.81 0.64 0.76 0.62 
PETI-S  0.04 0.06     0.05 
PSEE    0.19    0.19 
PSEE (spring)    0.12    0.12 
RIL4  0.1 0.11 0.08 0.17 0.08 0.04 0.10 
RILB 0.54 0.17 0.12 0.3   0.11 0.25 
RILG   0.12 0.1    0.11 
RILM 0.03 0.04 0.05 0.09 0.04  0.1 0.06 
RILN  0.07 0.09 0.08    0.08 
SEPP 0.08 0.05  0.09 0.12 0.07 0.02 0.07 
SLRE  0.09 0.06 0.07 0.09 0.1 0.03 0.07 
SLRS  0.11 0.12 0.17 0.18 0.15  0.15 
SLSR   0.07 0.15    0.11 
SRPH  0.23 0.21 0.22   0.14 0.20 
SRPN  0.51 0.52     0.52 
SRPS  0.08 0.05 0.09 0.1  0.1 0.08 
SUNB    0.26    0.26 
SUNP  0.46  0.32 0.45 0.21 0.29 0.35 
SUNS    0.06   0.07 0.07 
SURP 0.11 0.06  0.14 0.12 0.08 0.02 0.09 
WACE 0.33 0.11   0.06 0.04 0.07 0.02 0.11 
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Figure 53: Dissolved orthophosphate concentrations (ppm as P) in the Clatsop Plains during August 2003. 
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Figure 54: Dissolved orthophosphate concentrations (ppm as P) in the Clatsop Plains for December 2003 
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Figure 55: Total phosphorus concentration (ppm as P) in the Clatsop Plains during August 2003 
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Figure 56: Total Phosphorus concentrations (ppm as P) for the Clatsop Plains during December 2003. 
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Figure 57: Seasonal trends in total phosphorus and dissolved orthophosphate at sites FSNJ and SLRE 
between May and December 2003. 
Figure 58 shows the relationship between dissolved orthophosphate and redox potential. 
As previously discussed at low redox potential adsorption sites are lost due to reduction of iron. 
The data presented in the figure suggest that this or a similar process is occurring. At low redox 
potentials the dissolved orthophosphate can be relatively high. However, at redox potential above 
150 (mV) dissolved orthophosphate is near or below detection limits. This suggests that 
phosphate, if present in the shallow Clatsop Plains aquifer, may either be adsorbed onto sediment 
or precipitated out of solution under aerobic conditions. This could be due to the relatively high 
iron concentration that was discussed in the previous water chemistry section. However, as the 
redox potential drops, the adsorption sites are lost and phosphorus becomes mobile in the ground 
water. As a result, if significant organic buildup is present around the lakes or on the lake 
bottoms this could act as a phosphorus source. 
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Figure 58: Relationship between dissolved orthophosphate (ppm as P) and oxidation reduction potential for 
Clatsop Plains water samples May through December 2003. 
Conclusions and Summary 
The nutrient data presented in the above tables and maps suggests a high degree of 
variability throughout the shallow Clatsop Plains aquifer. As is illustrated in Figure 49, Figure 
52, and Figure 58, one of the driving forces for this variability appears to be the redox potential 
of the shallow ground water and ultimately the amount of organic carbon available for microbial 
activity. Analysis for organic carbon was not included as a primary focus of this study and 
therefore the available data are incomplete. The relationship between organic carbon and 
nutrients is a potential area of future research. 
Table 34 and Table 35 summarize the chemistry and nutrients of sites within the upper 
quartile for concentrations of dissolved orthophosphate, nitrate + nitrite, and ammonium. These 
upper quartile sites will be referred to as high nutrient sites. The minimum value for the nitrate + 
nitrite upper quartile is 0.09 ppm as N, the minimum value for the upper ammonium quartile is 
0.06 ppm as N, and the minimum value for the upper dissolved orthophosphate quartile is 0.07 
ppm as P. Examination of the chemistry and location of the high nutrient sites indicates that 
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redox chemistry as well as proximity to potential nutrient sources are important in determining 
both the type and magnitude of nutrient contamination in the shallow ground water.  
There are two basic categories of sites within the high nutrient sites presented in Table 34 
andTable 35. Type I sites are typically located near interdunal wetlands or other potential sources 
of organic carbon and have low measured redox potential. Peat and organics may have been 
present during piezometer installation. Site SUNP is an example of a type I site. Extensive 
organic deposits were encountered during installation (see site location section). The redox 
potential for this site ranges between a low of 4.3 mV in August to a high of 24.3 mV in June. 
The water chemistry data for this site also show the influence of reducing conditions. Dissolved 
iron concentrations are high and vary between a low of 11.5 ppm in August to a high of 39.6 
ppm in December. Figure 59 is a map showing the location of site SUNP, the surrounding area, 
and the direction and magnitude of the potentiometric gradient.  
Figure 59 shows site SUNP is located along the western shore of Sunset Lake and east of 
several homes. The direction of the potentiometric gradient suggests possible anthropogenic 
contamination from septic systems. Due to the reducing conditions at SUNP any nitrogen 
contamination would either be expected as ammonia or lost through denitrification. Phosphorous 
mobility in the ground water would be enhanced due to the loss of adsorption sites and 
conditions unfavorable to phosphate precipitation. As a result, site SUNP is vulnerable to high 
levels of ammonia and phosphorus. The nutrient data indicates that in fact SUNP has high 
concentrations of both dissolved orthophosphate as well as ammonium. 
Sites similar to SUNP with low redox, high organic content, and close proximity to 
potential sources of nutrient pollution are at risk of high ammonium and phosphate 
concentrations. Other sites that have similar redox and geologic settings include CULP, HINT, 
and DEMO. However, unlike SUNP these sites do not have high concentrations of both 
ammonium and dissolved orthophosphate. Instead sites CULP and HINT have high levels of 
ammonium while DEMO has high levels of dissolved orthophosphate. The sites do not appear to 
be as close to potential anthropogenic nutrient sources as SUNP which may explain the lack of 
both ammonium and orthophosphate 
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Table 34: Comparison of chemistry and nutrients for high nutrient sampling sites of the Clatsop Plains. Bold nutrient values indicate upper quartile. 
Site Description 
N03- + N02- 
(ppm as N) 
NH4-         
(ppm as N) 
dissolved 
orthophosphate 
(ppm as P) 
Ca 
(ppm) 
Mg 
(ppm) 
Na 
(ppm) 
K 
(ppm) 
Fe 
(ppm) 
Mn 
(ppm) 
Perk Skipanon River at bridge on Perkins Road 0.17 0.06 0.08 8.3 5.0 33.1 2.4 4.1 0.1 
SLRS Southwest of Slusher Lake in Camp Rilea 0.01 0.06 0.09 2.8 1.4 33.9 3.3 11.3 0.2 
PSee Small spring discharging into Neacoxie Creek at site PSEE 0.39 0.06 0.10 5.1 4.9 19.4 4.5 0.7 0.1 
Dump Small stream near the old warrenton landfill site 0.11 0.05 0.13 9.3 6.5 18.7 3.5 2.4 0.1 
SUNP Western edge of Sunset Lake at public boat ramp 0.02 0.45 0.16 4.3 3.0 19.8 1.4 24.2 0.3 
Cook Neacoxie Creek just north of Gearhart 0.09 0.04 0.27 6.1 5.5 34.8 5.6 0.3 0.0 
Demo Marshy area in western portion of Camp Rilea 0.01 0.04 0.37 5.4 5.7 32.4 5.1 2.9 0.2 
PetI-d West of Coffenbury Lake near constructed wetland 0.02 0.15 0.45 13.4 8.2 108.7 11.5 18.9 0.5 
PetI-A West of Coffenbury Lake near constructed wetland 0.02 0.20 0.46 9.9 8.1 67.8 15.1 13.5 0.5 
FSNJ Just south of Jetty in Fort Stevens State Park 0.51 0.02 0.01 5.9 4.8 16.8 2.2 0.1 0.0 
Bren located near the western shore of West Lake 0.59 0.03 0.01 5.6 0.6 8.8 0.7 0.4 0.2 
SEPP Southeast shore of Sunset Lake 1.80 0.03 0.01 4.1 2.1 12.8 0.3 0.1 0.1 
WACE Western edge of Wild Ace Lake 2.58 0.02 0.01 2.7 2.0 16.5 0.2 1.2 0.1 
Psee 
(spring) 
Small spring discharging into Neacoxie Creek 
at site PSEE 3.01 0.02 0.04 3.9 5.2 13.4 2.4 -0.1 0.0 
SURP Field at southwest corner of Surf Pines Lane and Highway 101 4.48 0.04 0.01 3.6 1.3 11.1 0.7 0.0 0.1 
FSCN Small stream just north of campgrounds in Fort Stevens State Park 0.07 0.14 0.07 9.2 5.8 27.5 2.9 3.3 0.3 
CULP 
Located in a boggy area in the southern 
portion of the county park east of Cullaby 
Lake 
0.01 0.18 0.03 9.1 5.4 22.3 0.4 23.0 0.5 
SLSR Slusher Lake at boat ramp 0.02 0.22 0.01 3.1 5.0 32.7 3.3 0.3 0.0 
Hint Boggy area east of Gearhart 0.02 0.84 0.05 6.1 2.4 6.8 4.3 64.1 0.3 
JOHN Located near the eastern shore of West Lake 0.01 0.17 0.01 3.2 2.0 23.6 1.1 4.3 0.1 
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Table 35: Comparison of chemistry and nutrients for high nutrient sampling sites of the Clatsop Plains. 
Site 
F 
(ppm) 
Cl 
(ppm) 
Br 
(ppm) 
SO42- 
(ppm) 
Dissolved 
Oxygen 
(ppm) 
Temp 
( C ) 
Conductivity 
(µs/cm) 
Oxidation 
Reduction 
Potential 
(mV) pH 
Perk 0.13 45.3 0.16 6.9 6.0 15.94 248.5 62.5 6.68 
SLRS 0.15 45.3 0.16 2.2 1.0 14.43 244.4 103.86 5.512 
PSee 0.07 26.2 0.07 3.0 5.1 18.27 195 54.6 7.14 
Dump 0.10 37.0 0.09 2.0 6.7 13.55 221 -2.6 6.93 
SUNP 0.07 16.3 0.05 2.2 0.8 12.84 200.2 14.36 6.158 
Cook 0.11 35.4 0.10 5.6 8.3 19.3 255 55 7.51 
Demo 0.18 38.9 0.13 2.7 0.9 14.4 264 29 6.39 
PetI-d 0.14 176.4 0.40 18.2 1.0 13.8 810 -44 6.65 
PetI-A 0.12 124.1 0.27 13.0 0.8 16.2 627 -91 6.94 
FSNJ 0.07 37.1 0.08 2.6 6.4 12.81 192 217 6.02 
Bren 0.03 5.9 0.05 1.1 3.0 12.98 71 172 5.88 
SEPP 0.05 20.2 0.05 2.6 2.3 13.4 104 205 6.00 
WACE 0.09 26.0 0.08 3.1 3.8 12.3 136 154 5.80 
Psee 
(spring) 
0.07 19.2 0.05 3.6 Na 11.4 162 168 6.28 
SURP 0.04 9.9 0.03 2.4 11.4 12.3 96 237 6.27 
FSCN 0.08 38.0 0.12 4.2 7.4 13.6 246 49 6.69 
CULP 0.08 24.0 0.10 5.9 3.0 12.2 253 26 5.74 
SLSR 0.06 42.5 0.09 2.9 11.9 22.34 255 145 9.66 
Hint 0.06 6.8 0.18 0.8 1.7 12.5 263 32 5.99 
JOHN 0.06 24.0 0.08 2.7 1.6 14.6 157 61 6.15 
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Figure 59: Site map for SUNP showing general location. White arrow indicates direction and magnitude of 
potentiometric gradient.  Base map is USGS "Warrenton" quadrangle. 
Type II sites are characterized by high redox potentials and lack obvious organic 
material. Site SURP is typical of this type of location. Site SURP consistently has high redox 
potentials that range between a low of 160.6 mV in September to a high of 313.1 mV in June. 
Observations made during well installation note the lack of visible organic material encountered 
at this site. This observation is consistent with high measured redox potentials. Water chemistry 
is consistent with that expected for a high redox site. Iron is below analytical detection limits. 
Sunset 
Lake 
2.25 m/km 
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Figure 60 shows the location of site SURP and the surrounding area as well as the direction and 
magnitude of the potentiometric surface.  
Based upon the redox potential at site SURP, nitrate would be stable in the local ground 
water while it would not be expected to find ammonium or phosphate. The collected data 
indicate that in fact SURP has high nitrate values that range from a low of 2.75 ppm (as N) in 
May to a high of 6.15 ppm (as N) in October. In addition ammonium remains less than 0.03 ppm 
(as N) and dissolved phosphate less than 0.008 ppm (as P) for all samples (0.005 ppm as P). 
These findings indicate that type II sites are susceptible to shallow ground water nitrate 
contamination if a sufficient nutrient source is present. Site SURP is located in the middle of an 
undeveloped field. To the north are more undeveloped fields and a few homes as is indicated on 
Figure 60. It is possible that some of these fields are used for agricultural activities. A possible 
source of nitrate at this site could be either from the homes or from the surrounding fields.  
Other type II sites include SEPP, BREN, and FSNJ. Site SEPP has redox potentials 
ranging from a low 155.7 to a high of 321.2 mV. At this site ammonium and dissolved 
orthophosphate are low and comparable with the concentrations found at SURP. The nitrate 
values fluctuate at this site but reached a maximum of 5.03 ppm (as N) in December 2003. Site 
BREN has redox potentials ranging between 93.1 and 262.4 mV. The nitrate at this site remains 
less than 0.05 ppm (as N) until December when the concentration spikes to 2.3 ppm (as N). 
Ammonium and dissolved phosphate remain low for all samples. Site FSNJ shows a pattern 
similar to BREN with high redox potentials and a spike in nitrate during December.  
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Figure 60: Site map for SURP showing general location. White arrow indicates direction and magnitude of 
potentiometric gradient.  Base map is USGS "Gearhart" quadrangle. 
Type II sites are not necessarily contaminated with nitrate in the shallow aquifer. 
However, these sites are susceptible to nitrate contamination. An example of this is site BREN. 
Throughout most of the year the redox is high but nitrate is low. However, prior to the December 
sampling something added nitrate to the shallow ground water where it is stable due to the high 
redox potential.  
Sites throughout the Clatsop Plains generally fall somewhere between the type I and type 
II sites described thus far.  However, not all sites can be neatly placed in this context. Site 
Neacoxie 
Creek 
HWY 
101 
1.07 m/km 
  141
WACE has a lot of organic material in the shallow subsurface as is described in the site selection 
section. This organic material lowers the redox potential of the shallow groundwater. Based on 
the presence of organic material, this site is expected to be susceptible to phosphate or 
ammonium contamination. However, this is not observed. Instead, the measured redox at this site 
ranges from a low of 72.1 mV to a high of 209.5 mV which indicates susceptibility to nitrate 
contamination. In fact nitrate concentrations at this site range between 1.43 and 3.28 ppm (as N) 
with minimal ammonium and dissolved orthophosphate. The location and subsurface at this site 
suggest type I. However, this site behaves like a type II location.  
Another anomalous site is both PETI-A and PETI-D. Both sites are located along the 
shore of a constructed wetland west of Coffenbury Lake in Fort Stevens State Park. Site PETI-A 
is located along the shore of the wetland and is submerged during the winter and spring. PETI-D 
is located about 10 m to the west and is only occasionally submerged during the spring and 
winter. Observations made during piezometer installation indicate a sandy substrate with 
minimal peat or organic sediment. However, wood fragments were encountered. Based on the 
lack of organic material the redox is not expected to be low. However, these sites have the lowest 
redox potentials encountered in the Clatsop Plains during this study. Values at these sites range 
between -101.7 to -24.8 mV with PETI-A being lower than PETI-D. This indicates that although 
no significant organic deposits were encountered, the wood fragments may indicate a source of 
organic carbon that is capable of lowering the redox potential. As a result, these sites behave as 
type I sites.  
The surface water sites included on Table 34 and Table 35 cannot be easily categorized 
as either a type I or type II site. It was shown in the hydrogeology section of this report that the 
streams of the Clatsop Plains are gaining and receive significant ground water input. As a result 
the surface water sites may represent a mixing of type I and type II water. Water in the streams 
would be expected to have a high redox potential due to relatively high levels of dissolved 
oxygen. However, ground water discharging into the stream may be strongly reducing. Table 35 
indicates that site DUMP may be an example of this type of mixing. At this location the 
dissolved oxygen in the stream was 6.7 ppm yet the redox potential was -2.6.  Therefore this site 
may contain a mix of both oxidized surface water and reduced ground water. The nutrient data 
indicate that this site has high levels of both nitrate and dissolved orthophosphate. This also 
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supports a mixing scenario. Site PSEE also has both high nitrate and dissolved orthophosphate 
which could result from a similar mixing of surface and ground water.  
Although redox may have a strong influence on nutrient cycling in the shallow aquifer as 
is indicated by the characteristics of the type I and type II sites, a nutrient source is still needed 
for shallow ground water nutrient contamination. Figure 49, Figure 52, and Figure 58 all show 
that the redox potential has a great influence on the nutrients present in the ground water. At low 
redox ammonium and phosphate may be present while at high redox nitrate may be present. 
However, these figures only demonstrate the environments where these nutrients are stable. 
These figures also indicate that many sites with low redox have no significant ammonium or 
phosphate. In addition to showing the relationship between redox and nutrients Figure 49, Figure 
52, and Figure 58 indicate that not all sites with low redox have high ammonia or phosphate and 
not all high redox sites have high nitrate. This seems to suggest that both proximity to a nutrient 
source and the redox potential of the ground water are important factors that combine to result in 
the relatively high nutrient levels in the ground water system. 
The results of this study suggest that phosphorus may be a greater problem in the shallow 
Clatsop Plains aquifer than nitrogen. Nearly all water samples had total phosphorus 
concentrations greater than the EPA limit for streams discharging into a lake or aquifer (0.05 
ppm as P). When this information is coupled with the fact that many surface water bodies appear 
highly connected with the shallow ground water, a ground water source for surface water 
phosphorus contamination is possible. This may explain the high observed phosphorus 
concentrations in the interdunal lakes (see surface water section). However, nutrient transport 
across the ground water-surface water interface remains unclear. Therefore estimation of either 
nitrogen or phosphorus input to the lakes from the surrounding ground water is unclear and no 
attempt was made to do so. 
Nutrient distribution and controls in the shallow ground water of the Clatsop Plains is a 
complex problem that is influenced by local geology, nutrient sources, redox potential, and ionic 
composition of the water. These factors vary from site to site throughout the Clatsop Plains. This 
suggests that each site must be considered individually before assumptions are made regarding 
nutrient sources. In addition, each lake should also be considered individually while assessing 
the possibility of ground water providing a nutrient source to the surface water system.  
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The focus of this study was to identify the processes and conditions present in the 
shallow ground water throughout the Clatsop Plains. However, in order to evaluate the potential 
for nutrient contamination of the interdunal lakes more focused, smaller scale research may be 
needed. This type of research could focus on identifying variability in redox potential and 
quantifying the potential nutrient sources around each lake. This information could then be 
coupled with the potentiometric data presented earlier to determine 1) if nitrate or phosphate is 
stable in the shallow ground water around each lake, 2) if the ground water flow and 
potentiometric surface support nutrient transport into the lake, and 3) the expected magnitude of 
nutrient contamination based upon local sources.  
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Ground Water Appendix 
 The data used in the creation of this report can be found on the accompanying CD. The following 
is a guide to the CD describing the data contained in each file.  
Quality Assurance Plan 
 File Name:  Groundwater_QA.doc 
 Description: 
 This word document is the quality assurance plan that guided ground water sampling and 
 analysis. 
 
Grain Size Analysis 
 File Name: Grain_Size_Clatsop.xls 
 Description: 
 This spreadsheet contains the raw data and calculations used to compute hydraulic 
 conductivity from grain size samples collected from the Clatsop Plains.  
 
Hydrogeology 
 File Name: water_levels.xls 
 Description: 
 This Excel file contains the elevation of each measurement site, all water level measurements, 
 and all calculated water table elevations. 
 
 File Name: streamflow.xls 
 Description: 
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 This Excel file contains a spreadsheet used to calculate stream flow as well as a summary of 
 streamflow for both the Skipanon River and Neacoxie Creek. 
 
 
 
 File Name: lake_budget_appendix.xls 
 Description: 
 This Excel file contains spreadsheets used to calculate lake budgets.  
 
 File Name: oct_2002.xls 
 Description: 
 This Excel file contains weather data for October 2002 as well as a spreadsheet used for 
 evaporation calculations.  
 
 File Name: nov2002.xls 
 Description: 
 This Excel file contains weather data for November 2002 as well as a spreadsheet used for 
 evaporation calculations.  
 
 File Name: dec2002.xls 
 Description: 
 This Excel file contains weather data for December 2002 as well as a spreadsheet used for 
 evaporation calculations.  
 
 File Name: jan2003.xls 
 Description: 
 This Excel file contains weather data for January 2003 as well as a spreadsheet used for 
 evaporation calculations.  
 
  150
 File Name: feb2003.xls 
 Description: 
 This Excel file contains weather data for February 2003 as well as a spreadsheet used for 
 evaporation calculations.  
 
 File Name: mar2003.xls 
 Description: 
 This Excel file contains weather data for March 2003 as well as a spreadsheet used for 
 evaporation calculations.  
 
 File Name: april2003.xls 
 Description: 
 This Excel file contains weather data for April 2003 as well as a spreadsheet used for 
 evaporation calculations.  
  
 File Name: june2003.xls 
 Description: 
 This Excel file contains weather data for June 2003 as well as a spreadsheet used for 
 evaporation calculations.  
 
 File Name: july2003.xls 
 Description: 
 This Excel file contains weather data for Julyl 2003 as well as a spreadsheet used for 
 evaporation calculations.  
 
 File Name: aug2003.xls 
 Description: 
 This Excel file contains weather data for August 2003 as well as a spreadsheet used for 
 evaporation calculations.  
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 File Name: oct2003.xls 
 Description: 
 This Excel file contains weather data for October 2003 as well as a spreadsheet used for 
 evaporation calculations.  
 
 File Name: nov2003.xls 
 Description: 
 This Excel file contains weather data for November 2003 as well as a spreadsheet used for 
 evaporation calculations.  
 
 File Name: dec2003.xls 
 Description: 
 This Excel file contains weather data for December 2003 as well as a spreadsheet used for 
 evaporation calculations.  
 
Ground water Chemistry 
 File Name: clatsop_ions.xls 
 Description: 
 This Excel file contains a separate spreadsheet for each ion organized by site. Data is 
 presented for all sampling events.  
  
 File Name: ion_ratios.xls 
 Description: 
 This Excel file contains spreadsheets and figures exploring the ratio between ions. 
 
 File Name: Aug_PCA.xls 
 Description: 
 This Excel file was used for the Principle Component Analysis for the August 2003 
 sampling.  
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 File Name: Dec_PCA.xls 
 Description: 
 This Excel file was used for the Principle Component Analysis for the December 2003 
 sampling.  
 
 File Name: Ave_PCA.xls 
 Description: 
 This Excel file was used for the Principle Component Analysis of the average of  all 
 sampling events. 
  
 File Name: May.xls 
 Description: 
 This Excel file contains a summary of the data collected during the May 2003 Clatsop Plains 
 ground water sampling.  
 
 File Name: June.xls 
 Description: 
 This Excel file contains a summary of the data collected during the June 2003 Clatsop Plains 
 ground water sampling.  
 
 File Name: July.xls 
 Description: 
 This Excel file contains a summary of the data collected during the July 2003 Clatsop Plains 
 ground water sampling.  
 
 File Name: Aug.xls 
 Description: 
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 This Excel file contains a summary of the data collected during the August 2003 Clatsop Plains 
 ground water sampling.  
 
 
 
 
 File Name: Sep.xls 
 Description 
 This Excel file contains a summary of the data collected during the September 2003 Clatsop 
 Plains ground water sampling.  
 
 File Name: Oct.xls 
 Description: 
 This Excel file contains a summary of the data collected during the October 2003 Clatsop Plains 
 ground water sampling.  
 
 File Name: Dec.xls 
 Description: 
 This Excel file contains a summary of the data collected during the December 2003 Clatsop 
 Plains ground water sampling.  
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Chapter 3.  
Surface Water Chemistry and Watershed Characterization 
Introduction 
The Clatsop Plains (approximately 10,360 ha or 40 square miles), located between 
Seaside and Warrenton or the northwest Oregon coast, is an area of undulating topography 
formed by north-south trending sand dunes. The troughs of the dunes contain wetlands and lakes. 
Cullaby Lake, Sunset Lake, and Smith Lake are considered water quality limited due to the 
growth of introduced aquatic plants that interfere with boating, swimming, fishing, and aesthetic 
enjoyment (ODEQ 1998).  Some lakes in the Clatsop Plains, such as Coffenbury Lake that lies 
within a state park, appear to be relatively free of anthropogenic impacts and weeds.  
Water resources in the Clatsop Plains have been the subject of several studies. Water 
quality in Sunset, Smith, and Cullaby lakes were monitored by volunteers in the Citizen Lake 
Watch Program from the late 1980s through 2000 (Sytsma and Haag 2001). McHugh (1972), 
Johnson et al. (1985), and Petersen (1994) conducted more detailed limnological assessments of 
the major lakes in the area. In 1995, work plan for developing a diagnostic and feasibility 
analysis of water quality in Clatsop Plains lakes was produced (Scientific Resources, 
Inc./Shapiro 1995). Groundwater in the areas was the focus of studies since the 1970s (Frank 
1970; Sweet et al. 1981; Centrac Assoc. 1981). 
The objectives of the work described in this chapter were to develop updated bathymetry 
and to characterize the watershed and water quality of four Clatsop Plains lakes: Cullaby, Smith, 
Sunset, and Coffenbury. The purpose was to provide context for aquatic weed management and 
to identify obvious sources of nutrients that could contribute to water quality problems in the 
lakes. Coffenbury Lake, was included as “reference” lake because of the relatively undisturbed 
condition of the watershed. 
Methods  
Lake Basin Morphometry  
Basin morphometry largely determines stratification, sedimentation and resuspension, 
and the extent of littoral zones in lakes (Kalff 2002).  These factors are fundamental to lake 
ecosystem function, and key to accurate modeling of physical, chemical, and biological 
responses to management activities.  The most current bathymetry on the lakes was 30 to 50 
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years old (Johnson et al. 1985).  Recent advances in mapping technologies can produce more 
accurate maps than were previously possible.  We created new bathymetric maps for each of the 
lakes using a global positioning system (GPS), a geographical information system (GIS), and 
depth sounding technology. 
Lake outlines 
Georeferenced digital outlines of lake shorelines were obtained from the Bureau of Land 
Management’s GIS spatial data library and were imported to Arcview GIS mapping software.  
Lake outlines were compared to one-meter resolution U.S. Geological Survey black and white 
digital orthophoto quadrangles (DOQ’s) of the Warrenton and Gearhart quadrangles (image 
source dates- 1994).  Digital lake outlines were corrected to match the DOQ’s when necessary. 
Bathymetric data collection 
Hydroacoustic data were gathered along transects during winter, 2003, using a digital 
echosounder (Biosonics Inc., DE4000 Series) paired with a differential GPS receiver (Corvallis 
Microtechnologies, Alto G12).  The GPS receiver was corrected to the Coast Guard beacon for 
real-time horizontal positional accuracy (±100 cm).  Transects were east-west oriented with 
generally less than 50 meters between transects in Coffenbury, Smith, and Sunset Lakes, and less 
than 100 meters in Cullaby Lake.  GPS locations were recorded once every three seconds at a 
boat speed of less than five km/hr to maintain a maximum of four meters between sample points 
along the transects.  Simultaneous echosoundings were recorded at a threshold of -70dB.  Visual 
Acquisition Version 4.0.2 software (Biosonics Inc. 1994-2000) was used to integrate the data. 
Data analysis 
Visual Analyzer Version 4.0.2 software (Biosonics Inc. 1994-2000) was used to 
determine depth from the hydroacoustic data.  A -30dB threshold was used for determining the 
sediment-water interface.  The bottom generated by the software was examined for 
inconsistencies and edited when necessary.  Database files were created that included latitude, 
longitude, and depth.  Three-dimensional surfaces were interpolated from the bathymetric data 
using radial basis function interpolation in ArcGIS Geostatistical Analyst (Environmental 
Systems Research Institute 2002). 
Morphometric parameters calculated from the lake outlines and bathymetric surfaces 
include lake surface area (ha), shoreline length (km), maximum effective length or fetch (km), 
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maximum depth (m), mean depth (m), volume (hm3), and absolute hypsographic curves for 
surface area and volume.  Hypsographic curves were created from the surfaces using the Surface 
Tools extension in Arcview 3.2 (Environmental Systems Research Institute 1999). 
Watershed Characterization 
Representative Area of Influence 
Defining meaningful watershed boundaries within the Clatsop Plains region is 
problematic due to high porosity and low topographic relief of dune sand.  Traditional watershed 
delineation methods based on topographic slope are better suited for surface water dominated 
systems with higher topographic relief (Maidment 2002).  Because of these concerns, we 
examined landscape characteristics within representative areas of influence around the lake 
shores rather than within watersheds.  Representative areas of influence or buffer zones have 
been shown to be better predictors of lake water quality than watershed characteristics for small 
Rhode Island lakes (Lake et al. 2001).  We examined two buffer sizes around the Clatsop Lakes, 
200-meter and 400-meter.  Buffers were constructed using ArcGIS software (Environmental 
Systems Research Institute 2002).  The relationship between key watershed characteristics within 
these bands and water quality in Clatsop Plains lakes was evaluated. 
Vegetation data were obtained from the Coastal Landscape Analysis and Modeling Study 
(CLAMS 1996), a joint research effort of the USDA Forest Service Pacific Northwest Research 
Station, Oregon State University College of Forestry, and Oregon Department of Forestry to 
characterize vegetation of the Oregon Coast using 1995 LANDSAT satellite images.  Vegetation 
was divided into broadleaf, mixed and conifer dominated stands.  The conifer and mixed stands 
were further delineated into four categories based on size: small, medium, large and very large 
(Table 1). 
Clatsop Plains Lake Management 
Chapter 3. Water Quality and Watershed Characterization 
PSU Center for Lakes and Reservoirs 4
Table 1. Vegetation classes derived from LANDSAT images (CLAMS 1996). 
Vegetation Type Description 
Open Forest Less than 1.4 m2/ha of basal area vegetation 
Broadleaf Greater than 1.4 m2/ha of basal area vegetation >65 percent hardwood trees
Mixed Greater than 1.4 m
2/ha basal area vegetation 20 to 65 percent hardwood 
trees 
Small Less than 25 cm diameter at breast height 
Medium  25 to 50 cm diameter at breast height 
Large 51 to 75 cm diameter at breast height 
Very Large Greater than 75 cm at breast height 
Conifer Greater than 1.4 m2/ha of basal area vegetation <20 percent hardwood trees
Small Less than 25 cm diameter at breast height 
Medium  25 to 50 cm diameter at breast height 
Large 51 to 75 cm diameter at breast height 
Very Large Greater than 75 cm at breast height 
Open Non-forested Open, non-forested areas with no trees 
Woodlands Small shrubs and other small vegetation 
 
Soils and wetland data were obtained from published sources. Soil data were obtained 
from the Natural Resources Conservation Service soil survey of Clatsop County (NRCS 1988).  
Wetland information was obtained from the National Wetlands Inventory (NWI 1993).  The 
NWI classified wetlands according to standard methods (Cowardin et al. 1979).  There are two 
main types of wetlands present in the watersheds of the Clatsop Plains lakes: lacustrine and 
palustrine.  Lacustrine wetlands include wetlands and deepwater habitats that are situated in 
topographic depressions, exceed 20 acres in area, lack trees and shrubs, and contain emergent 
vegetation coverage in no more than 30 percent of total surface area (Cowardin et al. 1979).   
Lacustrine systems include permanently flooded lakes and reservoirs, intermittent lakes and tidal 
lakes.  Lacustrine is subdivided into two classes: limnetic (all deepwater habitats) and littoral (all 
wetland habitats).  Palustrine wetlands include vegetated wetlands traditionally called marsh, 
swamp, bog, fen and prairie and small, shallow permanent or intermittent ponds (Cowardin et al. 
1979). 
Population data was obtained from the U.S. Census Bureau (1996).  Land use and land 
cover data were obtained from the Coastal Change Analysis Project (C-CAP) (NOAA 1993).  
The National Oceanic and Atmospheric Administration (NOAA) utilized LANDSAT satellite 
images of the Oregon coast to inventory various types of land cover and to some extent, 
determine land use.  There are 15 of NOAA’s 29 land use/cover categories present in the Clatsop 
Plains (Table 2).  
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Table 2. Descriptions of land use/cover types present in Clatsop Plains area as determined by C-CAP (NOAA 1993).  
Land Use/Cover Type General Description 
High Intensity Developed Highly developed areas, impervious surfaces account for 80 to 100 percent of total cover 
Low Intensity Developed Mixture of constructed and vegetated areas; impervious surfaces account for 21 to 49 percent of total cover 
Cultivated Land Areas used for production of annual crops; crop vegetation accounts for >20 percent of total vegetation 
Grassland Areas where >80 percent of vegetation is grasses, areas may be used as grazing but not subject to intensive management such as tilling 
Deciduous Forest Areas of trees that make up >20 percent of vegetation cover where more than 75 percent of the tree species shed leaves in response to seasonal change 
Evergreen Forest Areas of trees that make up >20 percent of vegetation cover where more than 75 percent of the tree species maintain leaves all year 
Mixed Forest Areas dominated by trees that make up >20 percent of vegetation cover where neither deciduous nor evergreen species are greater than 75 percent of total tree cover 
Scrub/shrub Areas dominated by shrubs less than 5 meters tall that make up > 20 percent of the total vegetation, includes tree shrubs and young trees 
Palustrine forested 
wetland 
Includes all tidal and non-tidal wetlands dominated by woody vegetation greater than or equal to 5 meters in height, and all such wetlands that 
occur in tidal areas in which salinity due to ocean-derived salts is below 0.5 percent. Total vegetation coverage is greater than 20 percent. 
Palustrine scrub/shrub 
wetland 
Includes all tidal and non tidal wetlands dominated by woody vegetation less than 5 meters in height, and all such wetlands that occur in tidal areas 
in which salinity due to ocean-derived salts is below 0.5 percent.  Total vegetation coverage is greater than 20 percent.  The species present could 
be true shrubs, young trees and shrubs, or trees that are small or stunted due to environmental conditions (Cowardin et al. 1979 in NOAA C-CAP, 
2003). 
Palustrine emergent 
wetland 
Includes all tidal and non-tidal wetlands dominated by persistent emergent vascular plants, emergent mosses or lichens, and all such wetlands that 
occur in tidal areas in which salinity due to ocean-derived salts is below 0.5 percent.  Plants generally remain standing until the next growing 
season.  Total vegetation cover is greater than 80 percent. 
Estuarine emergent 
wetland 
Includes all tidal wetlands dominated by woody vegetation greater than or equal to 5 meters in height, and all such wetlands that occur in tidal 
areas in which salinity due to ocean-derived salts is equal to or greater than 0.5 percent.  Total vegetation coverage is greater than 20 percent. 
Unconsolidated shore Unconsolidated material (silt, sand, or gravel) subject to inundation and redistribution due to action of water.  Characterized by substrates lacking vegetation except for pioneering plants that become established during brief periods when growing conditions are favorable 
Bareland Barren areas of rock, sand, or clay such as bedrock or sand dunes; generally, vegetation accounts for less than 10 percent of total cover. 
Water   All areas of open water, generally with less than 25 percent cover of vegetation or soil. 
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Fish and Wildlife 
The Oregon Natural Heritage Program maintains a list of the state and federal threatened 
and endangered species by county (ONHP 2001).  There are several avian and amphibian species 
that may utilize Clatsop Plains lakes and their surroundings (Table 3).  Impacts of lake and 
aquatic weed management in the lakes may impact these species, and management plans must 
consider these potential impacts. 
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Table 3.  State and Federally listed amphibian and avian species for Clatsop County, Oregon that may be 
found in lakes and in the vicinity of lakes; out of 60 total species for the county (ONHP 2001).  
Scientific Name Common Name Federal Status ODFW Status 
AMPHIBIANS       
Aneides ferreus Clouded Salamander n/a Sensitive - Undetermined Status 
Ascaphus truei Tailed frog Species of Concern Sensitive - Vulnerable 
Bufo boreas Western toad n/a Sensitive - Vulnerable 
Dicamptodon copei Cope's giant salamander n/a Sensitive - Undetermined Status 
Rana aurora aurora Northern red-legged frog Species of Concern Sensitive - Undetermined Status 
Rhyacotriton kezeri Columbia torrent salamander n/a Sensitive - Critical 
BIRDS       
Brachyramphus marmoratus Marbled murrelet Threatened Threatened 
Charadrius alexandrinus nivosus Western snowy plover Threatened Threatened 
Columba fasciata Band-tailed pigeon Species of Concern n/a 
Contopus cooperi Olive-sided flycatcher Species of Concern Sensitive - Vulnerable 
Dryocopus pileatus Pileated woodpecker n/a Sensitive - Vulnerable 
Empidonax traillii brewsteri Western OR little willow flycatcher n/a Sensitive - Vulnerable 
Falco peregrinus anatum American Peregrine falcon n/a Endangered 
Haliaeetus leucocephalus Bald eagle Threatened Threatened 
Melanerpes lewis Lewis's woodpecker Species of Concern Sensitive - Critical 
Oreortyx pictus Mountain quail Species of Concern Sensitive - Undetermined Status 
Progne subis Purple martin Species of Concern Sensitive - Critical 
Strix occidentalis caurina Northern spotted owl Threatened Threatened 
 
Water Quality  
Surface water quality monitoring was conducted between February and November of 
2003 at ten lake and two stream sites.  Sample sites were assigned DEQ LASAR database 
identification numbers (Table 4).  Sample sites were located in Coffenbury Lake, Smith Lake, 
Sunset Lake, Cullaby Lake, a Cullaby Lake inlet (Cullaby Slough), and the Cullaby Lake outlet 
(Figure 1).  In-situ data were collected, grab samples were analyzed in the field, and grab 
samples were submitted to three water quality laboratories for analysis.  In-situ data included 
Secchi transparency, photosynthetically active radiation (PAR) profiles, and Hydrolab 
multiparameter data profiles.  Hydrolab data collected included temperature, pH, conductivity, 
and dissolved oxygen.  Light extinction coefficients and photic zone depths were calculated from 
the PAR profile data.  Grab samples were collected from one-meter depth using a 2.5 L Niskin X 
sampler.  Grab samples were also collected from one meter above the sediment at both Sunset 
Lake sites, and from the Cullaby north and mid-lake sites.  Dissolved oxygen (Winkler method), 
conductivity, temperature, and salinity (YSI meter), turbidity (Hach turbidimeter), and pH (Orion 
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probe with a Ross electrode) were measured in each grab sample in the field.  Subsamples of the 
unfiltered grab samples were submitted to the Oregon Department of Environmental Quality 
(DEQ) for analysis of total phosphorus and total Kjeldahl nitrogen.  Unfiltered subsamples were 
also preserved with Lugol’s solution and archived for possible future analysis of phytoplankton.  
Subsamples were filtered in the field through 0.7 µm, glass-fiber filters and submitted to the 
DEQ for analysis of soluble reactive phosphorus, nitrate plus nitrite nitrogen, and ammonium 
nitrogen.  Particulate matter filtered onto glass fiber filters was submitted to the DEQ for 
chlorophyll-a analysis.  The 0.7 µm filtrate was also collected and preserved for the analysis of 
calcium, magnesium, sodium, and potassium by the Center for Lakes and Reservoirs at Portland 
State University; and for the analysis of chloride and sulfate by the Central Analytical 
Laboratory at Oregon State University.  Details of the sampling and analysis methods and the 
data quality targets are listed in the Quality Assurance Project Plan (Appendix A).  
Supplemental data were collected during the June sampling event that was not included in the 
project plan.  These data included dissolved organic carbon, alkalinity, and colored dissolved 
organic carbon calculated from absorbance measured at 325 nm (Williamson et al. 1999).  All 
data are included in the Surface Water Quality Data Summary and Data Quality Report 
(Appendix B). 
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Table 4. Clatsop Plains lakes water quality sample site locations and DEQ LASAR database identification 
code.  
LASAR ID Site description Site type Latitude Longitude 
29750 Coffenbury Lake mid-lake Lake 46.17590 -123.96280 
29751 Coffenbury Lake south Lake 46.16790 -123.95780 
29752 Smith Lake mid-lake Lake 46.14190 -123.93350 
29753 Smith Lake north Lake 46.14600 -123.93520 
29754 Sunset Lake south Lake 46.07710 -123.92260 
12692 Sunset Lake mid-lake Lake 46.09960 -123.92660 
29761 Cullaby Lake north Lake 46.09500 -123.90330 
13959 Cullaby Lake mid-lake Lake 46.08417 -123.90306 
29762 Cullaby Lake south Lake 46.07530 -123.89920 
24295 Cullaby Lake canal Lake 46.09480 -123.91000 
29757 Cullaby Lake south inlet Stream 46.06180 -123.89800 
29756 Cullaby Lake outlet Stream 46.09450 -123.90780 
 
Cullaby Lake north basin
Cullaby Lake canal
Cullaby Lake outlet
Smith Lake north end
Cullaby Lake middle of lake
Coffenbury Lake south end
Smith Lake middle of lake
Cullaby Lake south basin
Sunset Lake off 
Sunset Beach Road
Sunset Lake 
south basin
Coffenbury Lake middle of lake
Cullaby Lake south inlet
(Cullaby Slough)
0 1 2 3 40.5
Km
µ
Clatsop Plains lakes 
water quality sampling sites
 
Figure 1. Clatsop Plains lakes water quality sample sites.  
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Coffenbury Lake 
Introduction 
Coffenbury Lake is a long, narrow, shallow, interdunal lake located within Fort Stevens 
State Park two miles west of Warrenton, a half mile from the Pacific Ocean, and just south (3.2 
km) of the Columbia River. Coffenbury Lake’s location within the state park allows year-round 
public access to the lake for boating, fishing and swimming.  There is a boat launch and two 
swimming areas at the lake. 
Coffenbury Lake was considered a reference lake for this study, based on its location 
within the state park and relatively undisturbed watershed.  Coffenbury Lake was the only lake in 
the study not on the Oregon Department of Environmental Quality’s 303-d list and was 
presumed to be relatively unaltered by human influences.   
Despite its location in a state park, Coffenbury is one of the least studied lakes in the 
Clatsop Plains. Water quality sampling was conducted by McHugh (1972) and USGS (1973) and 
Johnson et al. (1985). The lake was classified as mesotrophic, bordering on eutrophic. 
Cyanobacteria blooms were present and macrophyte abundance was low. 
The aquatic vegetation management plan for Coffenbury Lake focused on prevention of 
introductions, monitoring, and rapid response to new invaders (Chapter 4). Only one nonnative 
aquatic plant, water celery (Vallisneria americana), was present in the lake. This plant is not 
known to be invasive in the Pacific Northwest.  Macrophyte populations changed during the 
project period, presumably because of high turbidity and pH caused by a dense cyanobacteria 
(Anabaena sp.) bloom early in the growing season. 
Lake and Watershed Characterization 
Morphology and Bathymetry 
A bathymetric map of Coffenbury Lake was created from data collected during the spring 
of 2003.  Details of the data collection and analysis methods were presented in Section 3.1.1.  
Depth, latitude, and longitude data were collected along 53 parallel transects on April 9, 2003 
(Figure 2).  A total of 9 km of hydroacoustic transect data were collected. 
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Figure 2. Bathymetric data collection cruise paths followed at Coffenbury Lake on 4/9/2003.  
The bathymetric map derived from the hydroacoustic data illustrates a single shallow 
basin that is deeper in the north than the south (Figure 3). The shoreline drops quickly 
throughout the lake to a flat bottom at a maximum depth of 3.0 meters. The mean depth was 1.8 
meters, and the maximum effective length or fetch of the lake basin is 1.7 kilometers (Table 5). 
The morphometric results indicated that the lake is slightly smaller and deeper than earlier 
bathymetry suggested (area = 22.7 ha; mean depth = 1.5 m; max. depth = 2.7 m; volume = 0.35 
hm3; USGS 1973). The linear to slightly concave basin shape is depicted in the absolute areal 
hypsographic curves (Figure 4) (Håkanson 1981).  Fifty percent of the sediment surface lies 
below 2 meters and 50 percent of the volume lies below 1 meter. 
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Figure 3. Coffenbury Lake bathymetric map. 
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Table 5. Morphometric characteristics of Coffenbury Lake.  
Surface area (hectares) 22 
Shoreline length (kilometers) 3.9 
Maximum effective length (kilometers) 1.7 
Maximum effective width (kilometers) 0.2 
Maximum depth (meters) 3.0 
Mean depth (meters) 1.8 
Volume (cubic hectometers or 10-6 m3) 0.396
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Figure 4. Coffenbury Lake hypsographic curves for volume and surface area (1 cubic hectometer = 106 m3). 
Coffenbury Lake Watershed 
Geology and Soils 
Coffenbury Lake is located in the northern portion of the Clatsop Plains.  The 
unconsolidated sediments in this area are over 90-m thick based upon well logs and seismic 
surveys.  The stratigraphy in this area may be influenced by the paleo-channel of the Columbia 
River and related alluvial deposits.  Estuarine sediments may also be present locally.  The lake is 
typical of the interdunal lakes and is bounded on the west by dune ridge three and on the east by 
dune ridge four.  Coffenbury Lake has the least amount of organic material present on the lake 
bottom among the four study lakes (see Chapter 2). 
Waldport fine sands make up 95 percent of the soils surrounding Coffenbury Lake.  The 
soil profile around Coffenbury Lake is comprised of three types of Waldport fine sand with 
different slopes: sands with three to 15 percent slope along the eastern shore and northern tip, 
sands with 15 to 30 percent slope along the western shore, and Heceta-Waldport fine sand with 0 
to 15 percent slope on the southern tip of the lake (Figure 5). 
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Figure 5.  Soil types surrounding Coffenbury Lake (NRCS 1988). 
Ground and surface water flows 
Surface water inflowand outflow from Coffenbury Lake were not observed during the 
study period.  This was expected, as the beach and dune sands surrounding the lake are highly 
permeable leading to a groundwater-dominated system.  Hydrographs of lake level and nearby 
peizometers show similar trends, which indicates that Coffenbury Lake has a good connection 
with the surrounding ground water system.  In general, periods of higher rainfall produced higher 
water levels in the lake and the aquifer.  The direction of groundwater flow through the lake was 
from west to east, based on peizometer water levels.  Detailed estimates of the magnitude of 
flow, however, could not be determined from available data.  Net groundwater input to the lake 
was estimated to be slightly positive from January through April, and slightly negative most of 
the remainder of the year.  See Chapter 2 for details on the surface and ground water flows in the 
vicinity of Coffenbury Lake. 
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Vegetation 
The vegetation of the Coffenbury Lake watershed consists mainly of woodlands (25 to 28 
percent) and small conifers (22 to 16 percent) (Table 6).  The remaining vegetation consists of 
medium, large and very large mixed forest, and large conifers.  The majority of large coniferous 
forest is located on the west side of the lake, with a second large area located on the south west 
corner of the lake (Figure 6).  There is a small area of very large coniferous forest located on the 
southern end of the lake.  The mixed forests were located mainly within the 200-m buffer just to 
the east and west of the lakeshore.  Overall, there are more coniferous trees than broadleaf trees 
in the Coffenbury Lake watershed. 
There was a difference in the vegetation cover between the 200-m and 400-m bands 
around the lake. The percent cover of open non-forested and woodland vegetation was greater in 
the larger band width. The area 200 meters from the shore of the lake is mostly forested, with 
only a few areas that are open and non-forested.  Out to 400 meters, forested areas are mainly 
located on the east side of the lake, with the west side of the lake having mainly woodlands and 
open non-forested areas (Figure 6). 
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Table 6. Percent cover of vegetation types in within 200 m and 400 m of Coffenbury Lake (CLAMS 1996).  
Buffer 
Vegetation Type 200 meter400 meter
Open Forest 0.0 0.0 
Broadleaf 0.1 1.3 
Small Mixed 0.3 0.2 
Medium Mixed 6.6 5.3 
Large Mixed 7.9 5.2 
Very Large Mixed 5.0 4.7 
Small Conifer 22.1 16.6 
Medium Conifer 0.3 0.9 
Large Conifer 7.1 5.2 
Very Large Conifer 1.7 1.2 
Open Non-forested 22.9 29.4 
Woodlands 25.2 28.4 
 
 
Figure 6. Vegetation types of Coffenbury Lake watershed (CLAMS 1996). 
Wetlands 
Wetlands make up 13 to 18 percent of the Coffenbury Lake watershed. Most of the 
wetlands are palustrine-emergent and forested wetlands (Table 7).  The palustrine wetlands are 
located primarily on the south and southeast sides of the lake.  These wetlands influence the 
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water chemistry of the lake by leaching of dissolved organic material, which stains the lake.  A 
large palustrine, forested, scrub-shrub, seasonally forested wetland occurs on the south side of 
the lake and can be seen from the hiking trail around the lake (Figure 7).  The two types of 
lacustrine wetlands include the lake itself and Crabapple Lake to the southeast. 
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Table 7. Percent cover of wetland types within 200-m and 400-m buffers of Coffenbury Lake (NWI 1993)  
Buffer 
Wetland Type 200 meter 400 meter
Percent of buffer area occupied by wetlands 13.6 18.2 
Lacustrine, limnetic, unconsolidated bottom, permanently flooded 2.1 3.6 
Lacustrine, littoral, aquatic bed, permanently flooded 2.2 1.8 
Palustrine, aquatic bed, permanently flooded 0.0 0.0 
Palustrine, emergent temporarily flooded 4.0 5.7 
Palustrine, emergent seasonally flooded 0.4 0.3 
Palustrine, emergent, semi-permanently flooded 0.7 0.3 
Palustrine, forested, scrub-shrub seasonally flooded 1.0 0.7 
Palustrine forested temporarily flooded 0.0 1.3 
Palustrine, forested seasonally flooded 3.2 3.7 
Palustrine, scrub-shrub seasonally flooded 0.1 0.1 
Palustrine unconsolidated bed, permanently flooded 0.0 0.6 
 
Coffenbury Lake wetland types
Lacustrine limnetic unconsolidated bottom permanently flooded
Lacustrine littoral aquatic bed permanently flooded
Palustrine aquatic bed semipermanently flooded
Palustrine aquatic bed permanently flooded 
Palustrine emergent scrub/shrub semipermanently flooded
Palustrine emergent temporarily flooded
Palustrine emergent seasonally flooded
Palustrine emergent semipermanently flooded
Palustrine forested scrub/shrub seasonally flooded
Palustrine forested scrub/shrub seasonal-tidal
Palustrine forested temporarily flooded
Palustrine forested seasonally flooded
Palustrine scrub/shrub emergent seasonally flooded
Palustrine scrub/shrub emergent seasonal-tidal
Palustrine scrub/shrub forested seasonally flooded
Palustrine scrub/shrub seasonally flooded
Palustrine scrub/shrub seasonal-tidal
Palustrine unconsidated bottom permanently flooded
Palustrine unconsolidated bottom permanently flooded excavated
Palustrine farmed
Riverine tidal unconsolidated bottom 
0 0.25 0.5 0.75
Kilometers ±
 
Figure 7. Wetland types and locations for Coffenbury Lake 200-m and 400-m buffer areas (NWI 1993). 
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Land Use/Cover 
Evergreen forest is the dominant land cover in the 200-m and 400-m buffers around 
Coffenbury Lake according to NOAA’s land use/land cover designations (NOAA 1993; Table 
8).  Scrub/shrub vegetation located mainly on the south end of the lake and mixed forest located 
on the north and east sides of the lake make up the remainder of the dominant vegetation (Figure 
8).  The scrub/shrub land cover type in the NOAA classification system appears to correspond to 
the open nonforested vegetation type within the CLAMS classification system.  There are two 
small areas of low and high intensity development where some of the Fort Stevens State Park 
staff resides.  Palustrine wetlands and water make up between 21.4 percent and 25.7 percent of 
the band areas (Table 8).  There are two small areas of grassland located at the picnic areas on 
the north end and the east side of the lake.  The bare land is the sandy beach on the north end of 
the lake near the swimming area (Figure 8). 
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Table 8. Percent land use and land cover types in 200-m and 400-m buffer areas around Coffenbury Lake 
(NOAA 1993).  
 Buffer 
Land Use/Cover Type 200 meter 400 meters 
High Intensity Developed 0.1 0.2 
Low Intensity Developed 1.1 0.8 
Cultivated Land 0.0 0.0 
Grassland 1.5 1.1 
Deciduous Forest 0.0 0.0 
Evergreen Forest 52.6 47.5 
Mixed Forest 4.6 4.7 
Scrub/shrub 17.9 19.6 
Palustrine forested wetland 5.5 8.8 
Palustrine scrub/shrub wetland 7.3 8.3 
Palustrine emergent wetland 2.3 1.7 
Estuarine emergent wetland 0.0 0.0 
Unconsolidated shore 0.0 0.0 
Bareland 0.8 0.3 
Water 6.3 6.9 
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Figure 8.  Land use and land cover types for Coffenbury Lake buffer areas (NOAA 1993). 
Population 
According to 1995 U.S. Census Bureau data, the Coffenbury Lake vicinity has low 
population density.  Density decreases over the two banding widths (200 m and 400 m) from 51 
to 28 people per square mile (U.S. Census Bureau 1996).  There is one small, relatively high-
density area on the north end of the lake where Fort Stevens State Park staff reside (Figure 9).  
The population density in this small area corresponds to approximately ten people.  In the spring 
and summer, the population surrounding Coffenbury Lake increases because of visitors to park 
as the campgrounds. 
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Figure 9.  Population density surrounding Coffenbury Lake. 
Fish and Wildlife 
Osprey, bald eagles, cormorants, kingfishers, great blue herons and many different types 
of ducks have been observed at the lake by CLR staff during sampling visits.  The fish 
community in the lake includes warm-water fish such as brown bullhead and yellow perch 
(ODFW 2003) and rainbow trout are frequently stocked in the lake (ODFW 2003c).  
Occasionally, Oregon Department of Fish and Wildlife (ODFW) releases excess hatchery adult 
steelhead and coho fry into the lake (Braun pers. comm.). 
Surface Water Chemistry 
Methods 
Coffenbury Lake water quality was sampled on 12 February, 19 March, 5 May, 24 June, 
13 August, 15 October, and 19 November 2003. Data collected included temperature, dissolved 
oxygen, water clarity, ions, pH, conductivity, nutrients, and algae (see Section 3.1.3). Water 
quality data were collected at two sites (Figure 10).  Two problems occurred: Hydrolab profile 
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data from the 13 August sampling event were lost, and the June, August, and October 
chlorophyll-a samples were not analyzed.   
 
Figure 10.  Coffenbury Lake mid-lake (▲) and south end (x) sample sites. 
Results and Discussion  
Data summary 
There were no major differences between water quality parameters at the two sampling 
sites (Table 9).  Coffenbury Lake nutrient concentrations were lower than in other Clatsop Plains 
lakes (mean of all lake samples on all sampling dates). Still, trophic state indices classify the lake 
as eutrophic.  High pH, turbidity, and chlorophyll-a concentrations were measured during May, 
coincident with a dense bloom of the heterocystous cyanobacterium Anabaena spp. 
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Table 9. Mean water quality and trophic status indicators for Coffenbury Lake from 1-m depth at mid-lake 
and south end sampling sites in 2003. 
 
Parameter 
Mid-lake 
Mean ± standard error 
South end 
Mean ± standard error 
Nitrate + nitrite nitrogen (mg/L) 0.0115* 0.0083* 
Ammonia nitrogen (mg/L) 0.03* 0.02* 
Total Kjeldahl nitrogen (mg/L) 0.5 ± 0.1 0.6 ± 0.1 
Ortho-phosphorus (mg/L) 0.006* 0.005* 
Total phosphorus (mg/L) 0.03 ± 0.01 0.03 ± 0.00 
TN:TP (mass) 17.1*  20.3* 
Chlorophyll a (µg/L) 13.4 ± 6.5 10.3 ± 4.7 
Extinction coefficient (m-1) 1.1 ± 0.2 1.3 ± 0.2 
Secchi transparency (m) greater than lake depth greater than lake depth 
Turbidity (NTU) 4 ± 2 3 ± 1 
Hardness (mg/L as CaCO3) 20.1 ± 0.6 20.6 ± 0.6 
Conductivity (uS/cm) 140 ± 5 138 ± 16 
Alkalinity (mg/L) 11.3 (1)   11.4 (1)   
pH (units) 7.5 ± 0.3 7.4 ± 0.3 
Dissolved organic carbon (mg/L) 5.9 (1)   5.3 (1)   
Colored DOC (a325, m-1) (1)   9  (1)   9  (1)   
Carlson’s trophic state index –  
total phosphorus 
54 53 
Carlson’s trophic state index – 
chlorophyll a 
56 53 
Carlson’s trophic state index – 
Secchi transparency 
no data no data 
Asterisks represent means derived from concentrations that include at least one value below detection limits.  Values 
were included in the calculations at the method detection limit.  TN values were calculated as the sum of total 
Kjeldahl nitrogen and nitrate + nitrite nitrogen.  (1)  Parameters were measured during the June sampling event only. 
Light  
Dissolved organic carbon and algae influenced light penetration of the water column in 
Coffenbury Lake, although the photic zone and Secchi transparency were deeper than the 
maximum depth of the lake during most sampling events (Figure 11).  During May, the shallow 
photic zone and Secchi transparency coincided with high turbidity and a dense bloom of the 
cyanobacterium Anabaena sp. 
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Figure 11.  Secchi transparency, theoretical photic zone (1 percent light intensity calculated from extinction 
coefficient), chlorophyll-a, and turbidity measured in Coffenbury Lake at the mid-lake (◊) and the south end 
(□) sampling sites.  Secchi depths greater than the maximum depth of the lake are displayed as black 
triangles.   
Physical mixing - temperature and oxygen 
Coffenbury Lake was either completely mixed or exhibited weak thermal stratification 
during the study period (Figure 12).  Our observations agreed with theoretical summer 
stratification stability based on lake basin length, width, and depth (Patalas 1984), which 
predicted a mixed lake with intermittent periods of stratification during calm periods.  Weak 
stratification was observed during the May and June sampling events.  Surface water 
temperatures ranged from 7.3 ºC on 12 February to 21.3 ºC on 13 August 2003 (Figure 13).  
Since the lake does not normally freeze during the winter, it is a warm, polymictic lake.  
The only significant change in oxygen concentration with depth was observed during the 
5 May 2003 visit when values ranged from 107 percent of saturation at 0.1 meter to 72 percent of 
saturation at three meters (Figure 12).  This dissolved oxygen depletion coincided with light 
winds and high production by a dense surface bloom of Anabaena sp.  Oxygen saturation 
remained above 80 percent of saturation at one-meter depth throughout the year (Figure 13), but 
dropped below the DEQ criterion of 8 mg/L during August at both sites (Table 10).  
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Figure 12.  Profiles of temperature (a) and dissolved oxygen (b) at the mid-lake site in Coffenbury Lake on 12 
February (×), 19 March (+), 5 May (Δ), 24 June (◊), 15 October (□), and 19 November (○). 
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Figure 13. Temperature (a) and percent oxygen saturation (b) measured at 1 m at the mid-lake (◊) and the 
south end (□) sampling locations in Coffenbury Lake in 2003. 
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Table 10. Dissolved oxygen concentration measured at the mid-lake and south end sample sites during 2003 
(Concentrations below the Oregon DEQ cold-water criterion of 8 mg/L are shaded).   
  Dissolved oxygen (mg/L) 
Date Depth (m) Mid-lake site South end site 
2/12/2003 1 11.4 11.6 
3/19/2003 1 10.5 10.2 
5/5/2003 1 11.3 11.3 
6/24/2003 1 8.8 8.3 
8/13/2003 1 7.1 7.3 
10/15/2003 1 8.6 9.1 
11/19/2003 1 10.4 10.7 
 
pH, alkalinity, and carbon dioxide 
During most of the year, the pH in Coffenbury Lake was near neutral throughout the 
water column (Figures 14 and 15).  During the May cyanobacteria bloom, however, pH ranged 
from 9.4 at the surface to 8.8 at 2.5 m.  The pH increase was likely driven by photosynthetic 
depletion of carbon dioxide in the water column, particularly in the upper water column where 
light intensity permitted higher rates of photosynthesis.  Low alkalinity contributed to the 
photosynthetically driven fluctuations in pH. The alkalinity in June was 11 mg CaCO3/L.  The 
high pH and associated low carbon dioxide concentration can impact phytoplankton (Shapiro 
1997) and macrophyte species composition. Seasonal changes that occurred in the Coffenbury 
Lake macrophyte community in 2003 were attributed to low light and carbon dioxide availability 
in May (see Chapter 4). 
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Figure 14. pH measured at 1 m at the mid-lake (♦) and the south end (□) sample sites in Coffenbury Lake in 
2003. 
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Figure 15.  Profiles of pH at the mid-lake site measured on 12 February (×), 19 March (+), 5 May (Δ), 24 June 
(◊), 15 October (□), and 19 November (○) in 2003. 
Specific conductance and ionic composition 
Specific conductance increased through the summer from a low of 110 μS/cm in May to 
159 μS/cm in October (Figure 16), a range similar to other lakes located near the Oregon coast 
(Johnson et al. 1985).  The increase in specific conductance was likely due to diminished ground 
and surface water inputs and evaporation during the summer.  Sodium was present at higher 
concentration than magnesium, calcium, and potassium (Figure 17). Coffenbury Lake is a 
moderately softwater lake with an average annual hardness, calculated from calcium and 
magnesium concentrations, of 20 mg CaCO3/L.  Chloride was the dominant anion. 
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Figure 16. Conductivity and pH measured at 1m at the mid-lake (♦) and the south end (□) sampling sites in 
Coffenbury Lake in 2003. 
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Figure 17. Calcium (ο), potassium (+), magnesium (×), and sodium (Δ) measured at the mid-lake sample site 
in Coffenbury Lake in 2003. 
Nitrogen and phosphorus 
Nutrient samples were collected at the surface (1 m) and the bottom (1 m above the 
sediments) of the water column at the mid-lake.  There were no major differences between the 
top and bottom samples, therefore further discussion focuses on surface samples.  Total 
phosphorus (TP) and total Kjeldahl nitrogen (TKN) concentrations in Coffenbury Lake were the 
lowest of any of the four lakes included in the study.  TP concentrations ranged from 0.02 mg/L 
in March to 0.6 mg/L in June (Figure 18) – concentrations typical of mesotrophic to eutrophic 
lakes (Carlson 1977).  Soluble reactive phosphorus and ammonia concentrations remained near 
detection limits (<0.005 mg/L and 0.02 mg/L, respectively) throughout the year.  Nitrate plus 
nitrite concentrations were also near detection limits (<0.005 mg/L) during the spring, but 
increased through the summer.   
The presence of nitrogen-fixing cyanobacteria blooms in Coffenbury Lake suggests that 
nitrogen may be limiting algal production (Hyenstrand et al. 1998), at least during some times of 
the year.  High nitrogen:phosphorus ratio during the cyanobacteria bloom in May, however, do 
not support this hypothesis.  An alternative, more parsimonious, explanation for the dominance 
of cyanobacteria in the lake is that the cyanobacteria possess a competitive advantage over other 
algae in high pH, low carbon dioxide conditions (Shapiro 1997). 
Trophic state 
Trophic state index (Carlson 1977) values based on total phosphorus and Secchi disk 
transparency indicated the lake is eutrophic, but near mesotrophic (Figure 19).  Index values over 
50 indicate eutrophic conditions.  Secchi disk depth index values were only available on two 
dates as the Secchi disk was visible on the lake bottom on the other occasions.  Indices based on 
total phosphorus, Secchi transparency, and chlorophyll-a were in agreement, when available, 
with the exception of during the May cyanobacteria bloom when total phosphorus concentrations 
implied a lower trophic state than either the chlorophyll-a or the Secchi indices. 
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Figure 18.  Nutrient concentrations measured in Coffenbury Lake at the mid-lake (♦) and south end (□) 
sample sites in 2003 (Note: Total nitrogen (TN) was calculated as the sum of measured total Kjeldahl nitrogen 
and nitrate plus nitrite, black dashed lines represent the method detection limits, and the green dashed line 
represents the Redfield ratio). 
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Figure 19. Carlson trophic state indices in Coffenbury Lake in 2003 based on total phosphorus (□), Secchi 
transparency (♦), and chlorophyll-a (▲). 
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Synthesis and management implications 
Coffenbury Lake is a shallow lake surrounded by sandy soils. The near-shore areas have 
little human development and a low population density (28 to 51 people per square mile) – 
anthropogenic influence on the trophic state of Coffenbury appears to be minimal. Groundwater 
to the west of the lake had high concentrations of phosphorus and ammonia, however, the sample 
was taken from a piezometer in a shallow aquifer that is apparently separated from the lake by a 
groundwater divide and these high nutrient concentrations may not be influencing the lake.  
The lake had the lowest concentrations of total phosphorus and total Kjeldahl nitrogen of 
all the Clatsop Plains lakes. A high nitrogen to phosphorus ratio suggests that phosphorus limits 
phytoplankton production. Phytoplankton blooms occur in the lake. A dense bloom of the 
cyanobacterium Anabaena sp. in May lead to high pH, turbidity and chlorophyll-a 
concentrations.  The phytoplankton bloom appears to have had a negative impact on the aquatic 
plant community by contributing to the decline of Nuttall’s waterweed and stonewort in the lake.  
Groundwater studies suggest that the Clatsop Plains aquifer is comprised of multiple, 
small-scale cells with localized influence on surface water quality. Coffenbury Lake lies in an 
area underlain by a paleochannel of the Columbia River. Deep groundwater flow and chemistry 
in the area may differ from other areas in the Clatsop Plains.   
Coffenbury Lake is clearly influenced by groundwater, and water quality may be 
protected, and perhaps improved, by reducing nutrient loading to groundwater in the vicinity of 
the lake. The degree of anthropogenic eutrophication in Coffenbury Lake, however, is difficult to 
ascertain from the available data. The immediate surroundings of Coffenbury Lake suggest little 
human impact on the trophic status of the lake; development is limited to the swimming beaches 
and boat launch of Fort Stevens State Park. Obvious sources of nutrients to local groundwater are 
septic drain fields of residences outside the park boundaries. Decreased nutrient loading would 
decrease phytoplankton production in the lake, which may increase light availability, possibly 
resulting in abundant growth of aquatic plants.  
Shallow, eutrophic lakes such as Coffenbury can exist in one of two alternative stable 
states: a clear, plant dominated state or a turbid, algae dominated state (Scheffer 1998). The lake 
currently exists in a relatively clear, plant-dominated state. Cyanobacteria blooms in the lake, 
however, indicate that an increase in nutrient loading, or the loss of a large amount of aquatic 
vegetation, may lead to a more turbid, phytoplankton-dominated state with no macrophytes.  
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This potential scenario is discussed further in the aquatic vegetation management plan for 
Coffenbury Lake (Chapter 4). 
Cullaby Lake 
Introduction 
Cullaby Lake is a 207-acre lake located just east of Highway 101 and north of Gearhart. 
The lake was named for a local Native American who was well known on the Clatsop Plains and 
was thought to be a grandson of one of the members of the Lewis and Clark Expedition (Johnson 
et al. 1985).  The lake was formed when the mouth of a coastal stream was drowned by the rise 
in sea level during the Pleistocene.  The stream was separated from the ocean by shifting sand 
dunes, which blocked the stream and formed a lake.  This natural damming of the coastal stream 
formed a reservoir-like, dendritic lake.   
The Coast Range foothills east of the lake form a large part of the watershed.  The largest 
stream entering the lake, Cullaby Creek, flows in from the south and drains a large wetland area. 
The outlet of the lake historically flowed north into Neacoxie Creek and then into Sunset Lake.  
The creation of the Carnahan Ditch in the early 1900’s altered the outlet, moving it to the 
Skipanon River.   
Cullaby Lake is a popular recreation spot for boating, water skiing and swimming with 
two county parks on its shore.  Rainbow trout are stocked regularly in the lake; yellow perch and 
bullhead are also present.  Carnahan County Park, located on the northwest shore of the lake, has 
a dock and gravel boat ramp.  Cullaby Lake County Park on the west shore of the lake has a 
large picnic area, paved boat ramp, parking lot, and swimming area.   
Cullaby Lake is on the Oregon Department of Environmental Quality (DEQ) 303 (d) list 
for impaired water quality.  The lake was listed for abundant growth of fanwort (Cabomba 
caroliniana), an invasive, aquatic plant that interferes with the beneficial uses of the lake, such as 
boating, swimming, fishing and aesthetics.  
Management of aquatic vegetation in the lake requires consideration of lake chemistry, 
hydrology, and nutrient loading to the lake. Groundwater inflow is an important component of 
the hydrologic and nutrient budget of all Clatsop Plains lakes (Chapter 2). An Integrated Aquatic 
Vegetation Management Plan (IAVMP) for the lake focused on management of introduced 
aquatic plants, restoring beneficial uses of the lake, and protecting lake water quality (Chapter 4).  
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Lake and Watershed Characterization 
Morphology and Bathymetry 
A bathymetric map of Cullaby Lake was created from data collected on January 10 and 
22, 2003.  Morphometric parameters were calculated from the new map.  Details of the data 
collection and analysis methods were described previously (Section 3.1.1).  Depth, latitude, and 
longitude data were collected along 66 parallel transects (Figure 20).  A total of 22.5 km of 
transect data were collected.   
 
Figure 20. Bathymetric data collection cruise paths followed at Cullaby Lake on 1/10/03 and 1/22/03. 
The bathymetric map illustrates a large central basin with smaller basins to the north and 
south (Figure 21).  The bottoms of each of the basins are flat with little relief.  The maximum 
depth observed was 3.9 meters and is located near the eastern shore of the middle basin (Table 
11; Figure 21).  The eastern side of the middle basin has a greater slope than the west side of the 
basin.  The mean depth of the lake is 2.1 meters.  The hypsographic curves for the lake (Figure 
22) describe a linear lake basin (Håkanson 1981).  Fifty percent of the sediment surface lies 
below 2.2 meters and 50 percent of the volume lies below 1.1 meter.  The middle basin has the 
longest maximum effective length or fetch of the three basins (Table 11). 
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Figure 21. Cullaby Lake bathymetric map. 
Clatsop Plains Lake Management 
Chapter 3. Water Quality and Watershed Characterization 
35 
Table 11. Morphometric characteristics of Cullaby Lake. 
Morphometric parameter Middle basin North basin South basin Entire lake 
Surface area (ha) - - - 85 
Shoreline length (km) - - - 10.2 
Maximum effective length (km) 1.5 0.9 0.6 - 
Maximum effective width (km) 0.5 0.3 0.2 - 
Maximum depth (m) 3.9 3.5 2.6 3.9 
Mean depth (m) - - - 2.1 
Volume (cubic hectometers or 10-6 m3) - - - 1.759 
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Figure 22.  Cullaby Lake hypsographic curves for volume and surface area (1 cubic hectometer = 106 m3). 
Cullaby Lake Watershed 
Geology and Soils 
Cullaby Lake differs from other Clatsop Plains lake in that it is not an interdunal lake.  
The lake is not bounded by dune ridges or located in an interdunal swale.  Instead, the lake is 
bordered by Astoria or Smugglers Cove Formation on the East and by a combination of dune 
sand on the northwest and peat and sea stacks to the southwest (see Chapter 2).  The location of 
Cullaby Lake relative to the surrounding topography and geology indicates a different 
mechanism of formation than the other interdunal lakes discussed in this report.  It is unclear if 
the lake overlies tertiary bedrock or dune sand.  If dune sand is present under the lake the depth 
to bedrock is relatively shallow.  Coring to 30 cm did not penetrate the entire thickness of the 
lake bottom sediment. 
Cullaby Lake also differs from the other Clatsop Plains lakes in that the soils in the 
watershed are not predominately sand.  Less than five percent of the soils around the perimeter 
of the lake are classified as “sandy”; the remaining soil types surrounding the lake are varied 
(Figure 23). Mucky peat soils with a zero to one percent slope are located on the western shore 
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and mixed with Templeton silt loam (0 to 30 percent slope), and Gearheart fine sandy loam (3 to 
15 percent slope).  The northern end of Cullaby has Templeton-Ecola silt loam (30 to 60 percent 
slope) while the southern end contains the same soil as the northern end as well as Walluski silt 
loam (0 to 7 percent slope) and Brallier mucky peat (0 to 1 percent slope).  The eastern shoreline 
of Cullaby is about two thirds Walluski silt loam (7 to 15 percent slope) and one-third Templeton 
silt loam (30 to 60 percent slope). 
 
 
Figure 23. Soil types surrounding Cullaby Lake (NRCS 1988). 
Ground and surface water flows 
Cullaby Lake was the only lake included in the study that exhibited both surface water 
inflow and outflow.  Inflow from Cullaby Slough was observed through most of the study 
period.  Flows ranged from not measurable in August and October to 134 cubic feet per second 
on the 29th of November. No surface water flow was observed at either the north inlet or the 
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southeast inlet.  Water table elevations at the peizometer site CULP on the west side of the lake 
mimic lake surface water elevations indicating a connection between lake surface water and 
groundwater near the western shore of the lake.  Water table elevations were consistently higher 
at the CULP peizometer site than the lake level suggesting ground water flow moving from the 
west to the east.  Estimated net groundwater input was positive for all months but November of 
2003.  See Chapter 2 for details on the surface and ground water flows in the vicinity of Cullaby 
Lake. 
Vegetation 
The vegetation of the Cullaby Lake watershed consists mainly of broadleaf trees (21 to 
22 percent) and small conifers (33 to 34 percent) (Table 12).  There are several large areas of 
broadleaf trees surrounding the lake, most of which are located on the west side of the lake 
(Figure 24).  Extensive areas of small sized coniferous trees are to the east of the lake in an area 
that is mainly private, industrial forested land (CLAMS 1996).  Evidence of the logging efforts 
in the watershed can be seen in aerial photos taken by the Oregon National Guard in the early 
1980’s, which show clear cutting along much of the south and eastern slopes of the watershed 
(Johnson et al. 1985). CLR staff also noted recent logging during sampling visits in 2003.  The 
recent logging may be a source of sediment and nutrients to the lake from the streams that drain 
the area during the wet season.  Monitoring of these streams was not feasible during the 
sampling period because of difficult access and low to non-existent flow. 
The remaining vegetation in the watershed consists of mixed forest, predominately small 
to large conifers (9.4 to 10.3 percent) and woodlands (6.6 to 8.8 percent).  Overall, there are 
more coniferous trees (42.5 to 45 percent) than broadleaf trees (33.1 to 34.7 percent) in the 
watershed.  The west side of the lake is mainly woodlands and open non-forested areas, 
demonstrating anthropogenic impacts.  The open non-forested areas are located at the two county 
parks and at the housing development on the canal. 
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Table 12. Percent of Cullaby Lake buffer areas for different vegetation types (CLAMS 1996). 
 Buffer 
Vegetation Type 200 meters 400 meters
Open Forest 5.3 4.0 
Broadleaf 22.2 21.8 
Small Mixed 7.2 9.6 
Medium Mixed 0.4 0.6 
Large Mixed 1.0 1.4 
Very Large Mixed 0.4 0.3 
Small Conifer 33.1 34.7 
Medium Conifer 9.2 10.2 
Large Conifer 0.2 0.1 
Very Large Conifer 0.0 0.0 
Open Non-forested 14.2 8.5 
Woodlands 6.6 8.8 
 
 
Figure 24. Vegetation types of Cullaby Lake watershed (CLAMS 1996). 
Wetlands 
Wetlands make up 20 percent of the 200-m buffer and 22 percent of the 400-m buffer 
area around Cullaby Lake. Most of these wetlands are palustrine (Table 13).  On the west side of 
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the lake, there are extensive palustrine emergent scrub-shrub and forested wetlands that are 
seasonally flooded (Figure 25).  There are two small areas of palustrine wetlands that have been 
created or modified by beaver action (Cowardin et al. 1979).  There are also a few farmed 
wetland areas, particularly on the southwest corner of the lake, where the cranberry farms are 
located.  The lacustrine wetlands are the lake itself.  Palustrine emergent seasonally flooded 
wetlands surround the narrow neck of the lake.  Extensive palustrine emergent, palustrine 
forested and scrub-shrub seasonally flooded wetlands are present all along Cullaby Slough, 
Cullaby Creek and its outlying tributaries to the south.  Although not within the 400-m band, 
these wetlands are a source of dissolved organic substances to the lake, which stain the water a 
dark color. 
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Table 13.  Percent of buffer area for wetland types surrounding Cullaby Lake (NWI 1993). 
 Buffer 
Wetland Type 200 meters 400 meters
Palustrine, scrub-shrub, seasonally flooded 9.6 10.1 
Palustrine, forested, seasonally flooded 8.4 9.7 
Palustrine, emergent, seasonally flooded 0.3 0.8 
Lacustrine, limnetic, unconsolidated bottom, permanently flooded 0.8 0.4 
Lacustrine, littoral, unconsolidated bottom, permanently flooded 0.4 0.2 
Palustrine, emergent, seasonally flooded, beaver 0.1 0.0 
Palustrine, emergent, temporarily flooded 0.5 0.2 
Palustrine, farmed 0.2 0.6 
Total Wetlands 20.3 22.2 
 
Cullaby Lake wetland types
Lacustrine limnetic unconsolidated bottom permanently flooded
Lacustrine littoral aquatic bed permanently flooded
Palustrine aquatic bed semipermanently flooded
Palustrine aquatic bed permanently flooded 
Palustrine emergent temporarily flooded
Palustrine emergent seasonally flooded
Palustrine forested seasonally flooded
Palustrine scrub/shrub seasonally flooded
Palustrine scrub/shrub seasonally flooded beaver
Palustrine unconsidated bottom semipermanently flooded beaver
Palustrine unconsidated bottom semipermanently flooded excavated
Palustrine unconsidated bottom permanently flooded
Palustrine farmed
0 0.25 0.5 0.75
Kilometers ±
 
Figure 25. Wetland types and locations for Cullaby Lake two buffer areas (NWI 1993). 
Land Use 
The west side of the lake is characterized by mainly wetlands, while the north and east 
sides are dominated by forest (Figure 26).  Evergreen forest makes up a largest portion of the 
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vegetation cover around Cullaby Lake (Table 14).  Mixed forest, scrub-shrub and palustrine 
wetlands comprise the other dominant land use and cover types within the buffer areas.  There 
are several small areas of high and low intensity development, concentrated near the canal where 
the Shoreline Estates housing development is located (Figure 26). 
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Table 14.  Land use and land cover types for buffer areas around Cullaby Lake (NOAA 1993). 
 Buffer 
Land Use/Cover Type 200 meters 400 meters 
High Intensity Developed 0.5 0.3 
Low Intensity Developed 2.1 1.2 
Cultivated Land 0.0 0.0 
Grassland 2.1 1.4 
Deciduous Forest 3.3 3.1 
Evergreen Forest 34.4 39.1 
Mixed Forest 14.5 13.7 
Scrub/shrub 17.3 12.8 
Palustrine forested wetland 10.0 10.2 
Palustrine scrub/shrub wetland 11.9 15.2 
Palustrine emergent wetland 1.4 1.7 
Estuarine emergent wetland 0.0 0.0 
Unconsolidated shore 0.0 0.0 
Bareland 0.7 0.4 
Water 1.6 0.9 
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Figure 26. Land use and land cover types for Cullaby Lake buffer areas (NOAA 1993). 
Population 
The population density of around Cullaby Lake is relatively low, only 83 people per 
square mile (Figure 27), however, densities are high on the north and west shoreline.  There was 
no difference in population density between the two buffers.  
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Figure 27. Population density for buffer areas surrounding Cullaby Lake. 
Fish and Wildlife 
Cullaby Lake provides habitat for many species of fish and wildlife including native 
(steelhead, coastal cutthroat trout and coho (Knutsen 2003; Long 2003)) and introduced fish 
(bluegill, yellow perch, white and black crappie, largemouth bass, and brown bullhead (ODFW 
2003)).  Oregon Department of Fish and Wildlife (ODFW) also regularly stocks rainbow trout in 
the lake (ODFW 2003b). 
Coho occur in the Skipanon River, the outlet of the lake.  Surveys conducted in Cullaby 
Creek by ODFW in 1991 and 1992 found juvenile and adult coho as well as redds.  The surveys 
also found steelhead, which suggests that these fish are also using Cullaby Creek for spawning 
and rearing.  No chinook were found in the Cullaby Creek surveys.  Coho and steelhead may 
also come from a hatchery run operated by Warrenton High School on the Skipanon River.  
Anadromous and resident cutthroat trout occur in the Skipanon River and may use Cullaby Lake 
and Creek (Bischoff et al. 2000).  
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Information on other wildlife is limited. Bald eagle nests are located in close proximity to 
the lakes (Knutsen 2003), and adults were observed at the lake on numerous occasions by CLR 
staff when sampling the lake.  Band-tailed pigeons nest in the watershed and the lakes may 
provide some amount of prey for peregrine falcons (Knutsen 2003).  Residents have also noted 
the presence of river otters, beavers, Canadian geese and diving ducks on occasion (Goolsby 
pers. comm.).  Deer and elk are also frequent the shore of the lake. 
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Surface Water Chemistry 
Methods 
Three in-lake locations, the canal, the lake inlet, and the outlet of Cullaby Lake were 
sampled for selected water quality parameters during 2003 (Figure 28).  Seven sampling events 
were successfully completed during 2003.  Sampling occurred on 12 February, 20 March, 5 May, 
25 June, 13 August, 14 October, and 17 November. One problem occurred during sample 
analysis. June, August, and October chlorophyll-a samples were lost. 
 
 
Figure 28. Cullaby Lake water quality sample sites. 
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Results and Discussion 
Data Summary 
There were no consistent differences between water quality parameters at the three in-
lake sampling sites (Table 15).  Cullaby Lake had the highest mean (all in-lake samples) 
concentrations of ammonia, soluble reactive ortho and total phosphorus, and dissolved organic 
carbon of all the lakes studied. Trophic state indices for total phosphorus and Secchi 
transparency classified the lake as eutrophic, however, the index based on chlorophyll-a 
concentration indicated a mesotrophic classification. The high dissolved organic carbon 
concentration in the lake clearly influenced the trophic classification, and likely plays an 
important role in nutrient processes in the lake.   
Light  
High concentrations of dissolved organic carbon and turbidity caused by phytoplankton 
and colloidal masses of dissolved organic matter contributed to a shallow photic zone in Cullaby 
Lake (Figure 29). The particulate and dissolved materials imparted a dark reddish-brown color to 
the lake.  Turbidity concentrations increased throughout the year but no similar trends in the 
photic zone and Secchi transparency were evident.  Turbidity at the south end site was especially 
high during the July sampling event, possibly due to inflow from Cullaby Slough.  The photic 
zone ranged from approximately 1.5 to 2 meters and the Secchi transparency ranged from 0.6 to 
1 meter.  Sources of the dissolved and particulate organic matter in Cullaby Lake include release 
during growth and senescence of extensive wetland plants and bogs upstream of the lake as well 
as dense macrophyte beds within the lake. 
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Table 15.  2003 mean water quality and trophic status indicators for Cullaby Lake at the mid-lake, north 
basin, south end, inlet, outlet, and canal sample sites.  Concentrations and measurements are from 1-m depth 
samples. 
 
Parameter 
Mid-lake 
Mean ± SE 
North basin 
Mean ± SE 
South end 
Mean ± SE 
Inlet 
Mean ± SE 
Outlet 
Mean ± SE 
Canal 
Mean ± SE 
Nitrate + nitrite 
nitrogen (mg/L) 
0.1421 ± 
0.0827 
0.1583 ± 
0.0693 
0.1298 ± 
0.0693 
0.2511 ± 
0.1507 
0.1697 ± 
0.0925 
0.0187 ± 
0.0063 
Ammonia nitrogen 
(mg/L) 
0.03 ± 0.01 0.03 ± 0.00 0.09 ± 0.05 0.03 ± 0.00 0.05 ± 0.01 0.13 ± 0.07 
Total Kjeldahl 
nitrogen (mg/L) 
0.5 ± 0.1 0.5 ± 0.0 0.6 ± 0.1 0.7 ± 0.2 0.5 ± 0.0 0.9 ± 0.1  
Ortho-phosphorus 
(mg/L) 
0.020 ± 
0.003 
0.020 ± 
0.004 
0.027 ± 
0.004 
0.030 ± 
0.009 
0.021 ± 
0.004 
0.026 ± 
0.007 
Total phosphorus 
(mg/L) 
0.07 ± 0.01 0.07 ± 0.01 0.08 ± 0.01 0.10 ± 0.03 0.06 ± 0.01 0.11 ± 0.01 
TN:TP (mass) 10.3 ± 1.6 11.6 ± 2.7 11.4 ± 2.5 13.7 ± 4.1 11.6 ± 2.6 8.7 ± 0.8 
Chlorophyll a (µg/L) 5.2 ± 2.1 6.5 ± 3.1 5.2 ± 2.1 2.5 ± 1.1 6.7 ± 7.4 4.0 
Extinction coefficient 
(m-1) 
2.7 ± 0.1 2.7 ± 0.1 3.1 ± 0.1 no data no data no data 
Secchi transparency 
(m) 
0.9 ± 0.0 0.8 ± 0.0 0.8 ± 0.0 no data no data no data 
Turbidity (NTU) 7 ± 1 7 ± 1 8 ± 1 6 ± 1 11 ± 0 27 ± 13 
Hardness  
(mg/L as CaCO3) 
21.7 ± 2.1 23.3 ± 2.2 23.7 ± 2.4 21.3 ± 2.7 24.0 ± 2.6 40.8 ± 5.4 
Conductivity (uS/cm) 101 ± 8 103 ± 8 105 ± 9 no data no data  no data 
Alkalinity  
(mg CaCO3/L)
 (1) 
18.1 18.2 17.3 no data no data no data 
pH (units) 7.1 ± 0.1 6.9 ± 0.1 6.7 ± 0.2 no data no data no data 
Dissolved organic 
carbon (mg/L) (1) 
9.28 9.05 9.30 no data no data no data 
Colored DOC (a325, 
m-1) (1) 
30 28 31 no data no data no data 
Carlson’s trophic state 
index – total 
phosphorus 
65 ± 1 64 ± 2 66 ± 3 not 
applicable 
not 
applicable 
not 
applicable 
Carlson’s trophic state 
index – chlorophyll a 
42 ± 7 44 ± 6 35 ± 8 not 
applicable 
not 
applicable 
not 
applicable 
Carlson’s trophic state 
index – Secchi 
transparency 
62 ± 1 63± 0 64 ± 1 not 
applicable 
not 
applicable 
not 
applicable 
 
Asterisks represent means derived from concentrations that include at least one value below detection limits.  Values 
were included in the calculations at the method detection limit.  TN values were calculated as the sum of total 
Kjeldahl nitrogen and nitrate + nitrite nitrogen.  (1)  Parameters were measured during the June sampling event only. 
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Figure 29. Secchi transparency, photic zone (1 percent light intensity calculated from extinction coefficient), 
chlorophyll-a, and turbidity measured in Cullaby Lake at the mid-lake (♦), north basin (Δ), and south end 
sites (□) in 2003.  Chlorophyll and turbidity measurements are from 1-m depth.    
Physical mixing-temperature and oxygen 
Physical mixing in Cullaby Lake is determined by basin morphology, wind exposure, and 
light attenuation.  The two main basins have different mixing regimes.  The middle basin is 
larger than the north basin and is therefore exposed to more wind.  The theoretical summer 
mixed depths based solely on the lengths and widths of each basin are 3 meters in the north basin 
and 4.6 meters in the middle basin (Patalas 1984).  With the addition of maximum depths as 
factors, the middle basin should be mixed with intermittent stratification during calm periods.  
The north basin should have a two-layer unstable stratification regime.  These theoretical values 
are modified by light attenuation and regional wind strength.  Lakes with high color, such as 
Cullaby Lake, have shallower mixed depths than similar lakes without high color (Fee 1996).  
The consistent winds across the Clatsop Plains region push the mixed layer deeper than the 
theoretical values would predict. 
Temperature, oxygen and nutrient concentrations observed in the lake support the 
theoretical stratification predictions.  Both temperature and oxygen profiles showed minor 
stratification during May and June at the mid-lake site (Figure 31).  There was no thermal 
stratification during August.  Stratification was more pronounced and consistent at the north 
basin site.  Temperature stratification and oxygen depletion were observed during the May, June, 
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and August sampling events.  Oxygen concentrations decreased to ten percent of saturation near 
the bottom of the water column and may have been anoxic at the sediment water interface.   
Changes in pH with depth in the water column were observed in June and August at the 
north basin site (Figure 31). The pH dropped 0.6 units from 0.5 meters to 3 meters in June.  
August values dropped 0.5 units from 0.5 to 2.5 meters.  No pH difference was observed at the 
mid-lake site.   
There were no differences between nutrient concentrations in surface samples and bottom 
samples at either site.  This suggests that stratification was not stable or prolonged enough for 
anoxia to persist and allow the redox-mediated release of nutrients to the hypolimnion.  Oxygen 
saturation remained above 50 percent throughout the year with the exception of the south end 
site in August (Figure 30).  Oxygen concentrations at the south end site were consistently below 
the DEQ cold water criterion of 8 mg/L. Dissolved oxygen concentration decreased to 4.4 mg/L 
in August (Table 16).  Concentrations at the mid-lake and north basin sites were below the 
criterion during May, August, and October (Table 16). 
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Figure 30. Temperature and oxygen measured at 1m at the mid-lake (♦), north basin (Δ), and the south end 
(□) sample sites.   
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Figure 31. Profiles of temperature and dissolved oxygen measured at the Cullaby Lake mid-lake (panel A), 
and the north basin (panel B) sites on 4 February (×), 17 March (+), 7 May (Δ), 23 June (◊), 11 August (■), 15 
October (□), and 17 November (○).  
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Table 16.  Dissolved oxygen concentrations measured at the north basin, mid-lake and south end sample sites 
during 2003.  Concentrations below the Oregon DEQ cold water criterion of 8 mg/L are shaded. 
  Dissolved oxygen (mg/L) 
Date Depth (m) North basin site Mid-lake site South end site 
2/5/2003 1 8.0 8.4 7.7 
3/17/2003 1 9.2 9.3 7.9 
5/7/2003 1 7.9 7.7 7.2 
6/23/2003 1 8.0 8.1 8.5 
8/11/2003 1 6.5 6.8 4.4 
10/15/2003 1 7.1 7.5 7.9 
11/17/2003 1 9.8 9.4 7.9 
pH, alkalinity, and carbon dioxide 
The pH increased during the spring from 6.2 in February to 7.2 in June at all sites (Figure 
32) and then remained stable through November at the mid-lake and north basin sites.  There was 
a drop in pH at the south end site during August (Figure 32) that corresponded with a peak in 
turbidity (Figure 29) and a drop in oxygen concentration (Figure 31).  The probable cause for the 
August decrease in pH was that production of dissolved carbon dioxide (CO2) during 
decomposition of organic matter outpaced CO2 diffusion into the atmosphere.  Low alkalinity 
values in Cullaby Lake (Table 15) make pH sensitive to CO2 saturation changes in the lake.  An 
increased load of labile dissolved organic carbon during August as well as higher water 
temperatures would account for an increased decomposition rate.  The increased load may have 
resulted from macrophyte senescence, sediment re-suspension, or a pulse from the watershed 
during a storm event. There were no significant rain events in August, so the runoff explanation 
cannot account for the August decline in pH.  Increased organic carbon load (including organic 
acids leached from peat bogs in the watershed) to the lake during rainy periods would explain the 
seasonal pattern observed at the middle lake and north lakes sites: low pH in the winter and 
spring and higher pH during the summer.  Higher summer pH could also be the result of primary 
productivity by submerged macrophytes and phytoplankton. 
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Figure 32.  pH measured at 1m at the mid-lake (♦), north basin (Δ), and the south end (□) sample sites.   
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Specific conductance and ionic composition 
Specific conductance increased substantially through the year at all sites and ranged from 
75 μS/cm in March to 127 μS/cm in November (Figure 33).  This range is similar to other lakes 
located near the Oregon coast (Johnson et al. 1985).  The increase was possibly due to 
diminished runoff from the watershed and increased evaporation from the lake.  Sodium was the 
most concentrated cation sampled, four times higher than the next most concentrated cation, 
calcium (Figure 33).  Magnesium and potassium are the next most concentrated cations.  Cullaby 
is a softwater lake.  Hardness, calculated from calcium and magnesium concentrations, ranged 
from 21-24 mg CaCO3/L.  There were no considerable differences between hardness values at 
the three lake sites, the inlet site, and the outlet site, but values at the Cullaby canal site were 
substantially higher in October and November (Figure 34).  Chloride was the dominant anion.   
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Figure 33.  Conductivity measured at the Cullaby mid-lake (♦), north basin (Δ), and south end (□) sites; and 
calcium (ο), potassium (+), magnesium (×), and sodium (Δ) measured at the mid-lake sample site.  Note the 
double y-axes on the ion chart. 
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Figure 34.  Hardness measured at the Cullaby mid-lake (♦), north basin (Δ), south end (□), inlet (×), outlet 
(O), and canal (+) sites. 
Nutrients 
Nutrient samples were collected from the top and the bottom of the water column at the 
mid-lake site and the north basin site.  There were no substantial differences between top and 
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bottom samples.  Samples were also regularly collected from lake inlet (Cullaby Slough) and the 
lake outlet (the Skipanon River).  Samples were collected from the Cullaby canal from August 
through November. 
Nitrate plus nitrite concentrations dropped from approximately 0.6 mg/L in February to 
near detection limits (< 0.005 mg/L) from May through October at all sites (Figures 35 and 36).  
Concentrations then increased to 0.9 mg/L during November at the inlet site and to 0.08 mg/L at 
the south end site.  Ammonia remained near detection limits (< 0.02 mg/L) throughout the year 
with the exceptions of the south end site during November and the canal site during October.  
The increases during November coincide with 2.43 inches of rain in the three days prior to 
sampling (National Climate Data Center), suggesting a flushing of nitrate, nitrite, and ammonia 
from the watershed to the lake. 
Soluble reactive phosphorus concentrations increased through the summer at the lake 
sites and at the lake outlet (Figures 35 and 36).  Concentrations spiked at the inlet site in June 
and decreased through the summer.  Concentrations were generally higher at the inlet and south 
end sites than the other sites.  Total phosphorus concentrations followed the same trends. 
Concentrations were high (150 µg/L at the inlet site).   
Humic substances in the water can limit the availability of phosphorus to phytoplankton 
(Jones 1998).   The mechanisms behind reduced phosphorus availability in humic lakes, despite 
high concentrations are not well understood, but there are two main hypotheses: one is that the 
humic substances associate with, and are peptizing agents for, inorganic colloids containing iron 
and phosphorus; and the other is that there may be a complexation reaction in which Fe3+ forms 
bridges between functional groups of the humic substances and phosphate (Shaw 2000).   
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Figure 35.  Nutrients measured in Cullaby Lake at the mid-lake (♦), north basin (Δ), and the south end (□) 
sites.  Total nitrogen (TN) was calculated as the sum of measured total Kjeldahl nitrogen and nitrate plus 
nitrite.  Black dashed lines represent the method detection limits.  The green dashed line is the Redfield ratio.  
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Figure 36.  Nutrients measured in Cullaby Lake at the inlet (×), outlet (O), and canal (+) sites.  Total nitrogen 
(TN) was calculated as the sum of measured total Kjeldahl nitrogen and nitrate plus nitrite.  
Trophic State 
Trophic state indices are used to classify lakes by trophic state. Carlson’s (Carlson 1977) 
index values over 50 indicate eutrophic conditions. Indices based on total phosphorus and Secchi 
transparency were greater than 60 (Figure 37). The chlorophyll-a based index averaged 40.  The 
lack of agreement between the chlorophyll-based index and the other indices suggests that 
nutrients in this humic, macrophyte-rich lake are not processed in the same manner as in the 
classic “clear-water” lakes.  For example, light limitation of phytoplankton and complexation of 
phosphorus that limits availability may be governing factors.   
The “bacterial loop” may also be an important trophic relationship in the lake. Bacteria in 
lakes are typically dependent upon phytoplankton for their main source of carbon. When 
phytoplankton are nutrient limited, bacteria can be carbon limited.  If a lake has high 
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concentrations of dissolved organic carbon from allochthonous sources, bacterial production can 
become limited by phosphorus rather than carbon.  Because bacteria can be more efficient in 
phosphorus uptake than phytoplankton, phytoplankton nutrient limitation can become acute.  As 
a result of phosphorus limitation the phytoplankton community in humic lakes can be dominated 
by “mixotrophs”, mainly chrysophytes and chryptophytes, which can obtain phosphorus by 
consuming bacteria (Jansson 1998). Since bacteria are phosphorus-rich relative to the 
stoichiometric requirements of phytoplankton, mixotrophic phytoplankton species can become 
nitrogen limited.  Low nitrogen concentrations during the summer in Cullaby Lake support this 
explanation of the interaction between seasonal nutrient and phytoplankton community 
dynamics.   
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Figure 37.  Cullaby Lake Carlson’s trophic state index based on total phosphorus (□), Secchi transparency 
(♦), and chlorophyll a (▲). 
Synthesis and management implications 
Both watershed and lake basin properties influenced water quality in Cullaby Lake.  The 
large watershed with extensive wetlands contributed to high dissolved organic carbon 
concentrations, which limited light availability within the water column and influenced nutrient 
processing and trophic dynamics in the lake.  Agricultural areas within the watershed may 
contribute to high nutrient concentrations.  Basin morphometry also influenced water quality. 
The larger middle basin is shallow and wind exposed and thermal stratification is only possible 
during prolonged periods of calm winds.  The north basin is also shallow, but is more protected 
from the wind, which allows slightly more stable stratification to occur.  The result of the 
different stratification regimes is that oxygen concentrations were not depleted at depth at the 
mid-lake sampling site but oxygen concentrations were depleted to near anoxia at 2.5 meters in 
the north basin in late summer.  Nutrient concentrations were similar between top and bottom of 
water column samples throughout the year at both basins, however, which indicates that anoxic 
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conditions in the north basin did not persist long enough for the build up of nutrients through 
decomposition or redox-mediated release of nutrients.  Anoxic conditions may occur at the 
sediment surface during the night in dense macrophyte stands, however, providing conditions for 
internal phosphorus loading and loss of nitrogen through denitrification.  This interpretation is 
supported by the increase in phosphorus concentration through the summer and the decrease in 
nitrogen.  Groundwater hydrology may also play a role in the phosphorus increase through the 
summer since Cullaby Lake is a sink for phosphorus rich groundwater in the area (see Chapter 
2).  Phosphorus concentrations and Secchi transparency indicated that Cullaby lake could be 
classified as eutrophic, but chlorophyll-a concentrations implied a meso- to eutrophic lake.  This 
discrepancy was likely due to limitation of phytoplankton biomass by light availability or the 
unavailability of phosphorus due to binding to humic materials.  High concentrations of soluble 
reactive phosphorus in the water column support these interpretations.  
Management of nutrients for lake water quality in Cullaby Lake is complicated by the 
unusual trophic and nutrient dynamics in the lake. Agriculture and septic tanks in the southwest 
part of the watershed may be a source of phosphorus to the lake.  The lake is also a phosphorus 
sink for the surrounding groundwater.  The high dissolved organic carbon supplied by the 
extensive wetlands surrounding the lake and the dense macrophyte beds in the littoral zone 
mitigates these problems through light attenuation, complexation of phosphorus, and stimulation 
of mixotrophy. The role of farming and logging practices within the watershed should be 
investigated further to define the relationship between land use practices and lake productivity 
(see Section 3.7). 
Shallow, nutrient-rich lakes, like Cullaby, can exist in one of two alternative stable states: 
a clear, plant dominated state or a turbid, algae dominated state.  Removal of aquatic vegetation 
can lead to increased light and nutrient availability for algae and potentially shift the stable state 
to a turbid, algae dominated state (Scheffer 1998).  In Cullaby Lake, however, macrophyte 
control measures will likely have little effect on the water quality because of the important 
effects of dissolved organic carbon noted above. Nevertheless, aquatic plant management 
planning for Cullaby Lake included careful consideration of the potential consequences for 
phytoplankton production and wind resuspension of sediments (see Chapter 4).  
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Smith Lake  
Introduction 
Smith Lake is a small, narrow, interdunal lake located approximately one mile east of the 
Pacific Ocean and a half mile south of the City of Warrenton.  The lake was named after 
Solomon Smith, an early settler to western Oregon and a creator of the provincial government 
(Johnson et al. 1985).  There is a granite monument on the west side of the lake marking his 
former residence on the lake (SLII 1999).  Smith Lake is surrounded by private land and the 
main users of the lake are the residents who live on the lakeshore.  A small dirt boat ramp is 
located on the west side of the lake in an empty lot.  Fishing and boating were popular activities 
until the abundant growth of the invasive, aquatic plant species limited these uses. 
Some limited studies have been conducted on Smith Lake. Water quality and bathymetry 
studies were conducted by the U. S. Geological Survey (1973) and Portland State University 
(Johnson et al. 1985). Temperature and Secchi transparency were measured by a volunteer in the 
Citizen Lake Watch program (Sytsma and Haag 2001) and nutrients, dissolved oxygen, pH, and 
bacteria were monitored by the local watershed council in 1999.  There is an active homeowners 
association at Smith Lake; members have been active in the Oregon Lakes Association and 
prepared an aquatic vegetation management plan (Chapter 4).  
The lake was listed on the Oregon Department of Environmental Quality’s (DEQ) 303-d 
list for impaired water quality due to abundant growth of the invasive aquatic plants fragrant 
waterlilies (Nymphaea odorata), Brazilian elodea (Egeria densa), and fanwort (Cabomba 
caroliniana). The Integrated Aquatic Vegetation Management Plan (IAVMP) for the lake 
focused on using mechanical and physical methods to control the growth of N. odorata and other 
problem plants to enhance beneficial uses (Chapter 4).  
Lake and Watershed Characterization 
Morphology and Bathymetry 
A bathymetric map of Smith Lake was created using data collected during the spring of 
2003.  Morphometric parameters were calculated from the new map.  Depth, latitude, and 
longitude data were collected along 46 parallel transects on 14 April 2003 (Figure 38).  Data 
were collected along 10.5 km of transects.  See Section 3.1.1 for details on bathymetric methods. 
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Figure 38.  Bathymetric data collection cruise paths followed at Smith Lake on 4/14/2003. 
Results and Discussion 
The bathymetric map created from the hydroacoustic data illustrates one shallow basin of 
uniform depth throughout most of the lake (Figure 39).  A 20 m by 40 m hole one meter deeper 
than the surrounding area is located near the west shore. The hole is a result of dredging of 
sediment in 1969 (McHugh 1972).  The maximum depth of 3.2 m occurred in this location 
(Table 17). The mean depth of the lake is 1.8 m.  The basin shape is linear to slightly concave 
according to the hypsographic curve generated for the lake (Figure 40) (Håkanson 1981).  Fifty 
percent of the sediment surface lies below 1.4 meters and 50 percent of the volume lies below 
0.7 meters.  Nearly all the volume and sediment surface lies above 2.7 meters.  The maximum 
effective length or fetch of the lake basin is 1.7 km. 
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Figure 39.  Smith Lake bathymetric map. 
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Table 17.  Morphometric characteristics of Smith Lake. 
Surface area (hectares) 20 
Shoreline length (kilometers) 3.9 
Maximum effective length (kilometers) 1.7 
Maximum effective width (kilometers) 0.2 
Maximum depth (meters) 3.2 
Mean depth (meters) 1.3 
Volume (cubic hectometers or 10-6 m3) 0.273 
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Figure 40.  Smith Lake hypsographic curves for volume and surface area (1 cubic hectometer = 106 m3).  
Smith Lake Watershed 
Geology and Soils 
Smith Lake is located in the north central portion of the Clatsop Plains.  The lake is 
bounded on the east and west by parallel by dune ridges.  To the north and west is an area of 
interdunal wetlands and peat deposits. Cemetery and Wild Ace Lakes are to the north of Smith 
Lake.  Since Smith Lake is located in the northern portion of the Clatsop Plains, the subsurface 
geology may include alluvium and estuarine deposits.  The depth to bedrock is between 30 to 35 
m below land surface.  
Smith Lake is well-connected with the shallow groundwater. Groundwater enters the lake 
on the west and exits to the east. Estimated net groundwater inflow in February 2003 was 0.033 
acre-ft/day. See Chapter 2 for detailed description of the geology and groundwater in the Smith 
Lake vicinity. 
The soils surrounding Smith Lake are primarily sandy loam (~ 95 percent), mainly 
Gearhart Sandy Loam. The nearshore area to the west of the lake has a shallower slope (3 to 15 
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percent slope) than on the eastern shoreline (15 to 30 percent). Bergsvik mucky peat (0 to 1 
percent slope) is to the north of the lake (Figure 41). 
 
Figure 41.  Soil types surrounding Smith Lake. 
Ground and surface water flows 
Permeable sands surrounding Smith Lake allows recharge of the aquifer during rainy 
periods rather than production of surface water flows.  No significant surface water inflow or 
outflow was observed in Smith Lake during the study period.  Hydrographs of lake level and 
nearby peizometers show a similar trend indicating that Smith Lake has a good connection with 
the surrounding ground water system.  Lake and water table elevations were higher during rainy 
periods and lower during dry periods. Water table elevations to the west of the lake are higher 
than those to the east suggesting ground water flows are from the west.  Reliable estimates of the 
magnitude of flow, however, could not be determined from available data.  Net groundwater 
input to Smith Lake was slightly positive during the dry months and slightly negative during wet 
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months.  See Chapter 2 for details on the surface and ground water flows in the vicinity of Smith 
Lake. 
Vegetation 
The vegetation surrounding the lake is comprised primarily of broadleaf trees, large 
mixed forest, small coniferous forest and woodlands (Table 18).  Woodlands are the dominant 
type of vegetation surrounding the lake, with patches on the east and west side of the lake 
(Figure 42).  Most of the large mixed, broadleaf and small coniferous trees within the 200-meter 
buffer are located on the shoreline of the lake.  The two large areas of broadleaf trees located on 
the west side of the lake are the undisturbed forested wetlands on the northwest shore and Smith-
Cobway Park on the middle western shore, just north of Lake Drive.  The 400-m band has a 
higher cover of large mixed broadleaf trees than the 200-m band (Table 18).  Small coniferous 
forest, which comprises between seven and 10 percent of the band areas, is located primarily on 
the east side of the lake.  Most of these broadleaf trees are red alders, which are nitrogen-fixers. 
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Table 18.  Percent of buffer areas for vegetation types surrounding Smith Lake (CLAMS 1996). 
 Buffer 
Vegetation Type 200 meters 400 meters
Open Forest 0.4 0.3 
Broadleaf 10.7 13.5 
Small Mixed 1.0 0.8 
Medium Mixed 0.0 0.1 
Large Mixed 3.1 4.6 
Very Large Mixed 0.0 0.2 
Small Conifer 7.3 10.6 
Medium Conifer 0.3 0.4 
Large Conifer 0.0 0.0 
Very Large Conifer 0.0 0.0 
Open Non-forested 43.2 34.8 
Woodlands 33.9 34.7 
 
 
Figure 42.  Vegetation types of Smith Lake watershed (CLAMS 1996). 
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Wetlands 
Wetlands make up18 percent of the area within the 200-m buffer, and 38 percent of the 
area within the 400-m buffer surrounding Smith Lake.  Although not included in the calculations, 
the entirety of Smith Lake is classified as lacustrine, littoral wetland.  Most of the wetlands 
within the buffers are palustrine (Table 19).  The 400-m band includes two more types of 
palustrine wetlands than the 200-m band.  The larger percentage of wetland in the 400-m band is 
attributed to the observation that ridge tops comprise much of the area within the 200-m band 
while the area between 200 to 400 meters from the lake consists mainly of valleys (Figure 43).  
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Table 19.  Percent of buffer area for wetland types surrounding Smith Lake (NWI 1993). 
 Buffer 
Wetland Type 200 meters 400 meters
Palustrine, scrub-shrub, seasonally flooded 3.9 7.9 
Palustrine, forested, scrub-shrub, seasonally flooded 3.4 3.4 
Palustrine, aquatic bed, permanently flooded 0.9 1.7 
Palustrine, forested, seasonally flooded 2.6 12.6 
Palustrine, emergent ,seasonally flooded 2.8 2.1 
Palustrine, emergent, semi-permanently flooded 0.2 0.3 
Lacustrine, littoral, unconsolidated bottom, permanently flooded 0.6 4.9 
Palustrine ,forested, temporarily flooded 0.0 2.3 
Palustrine, emergent, scrub-shrub, semi-permanently flooded 3.7 2.0 
Palustrine, scrub-shrub, emergent, seasonally flooded 0.0 1.3 
Total Wetlands 18.0 38.4 
 
The wetland south of the lake is not actually a part of the lake, although it is 
hydrologically connected.  It is designated as a different type of wetland; a palustrine seasonally 
flooded wetland (Figure 43).  It is within the Smith Lake watershed, however, and was 
considered as part of the lake in aquatic plant management plan.  Small areas of palustrine 
emergent, seasonally flooded wetlands are located on the south end of the lake and near the boat 
ramp.  On the north end of the lake, palustrine forested scrub-shrub and palustrine emergent 
scrub-shrub seasonally flooded wetlands are the dominant types. 
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Smith Lake wetland types
Lacustrine limnetic unconsolidated bottom permanently flooded
Lacustrine littoral aquatic bed permanently flooded
Palustrine aquatic bed semipermanently flooded
Palustrine aquatic bed permanently flooded 
Palustrine emergent scrub/shrub semipermanently flooded
Palustrine emergent temporarily flooded
Palustrine emergent seasonally flooded
Palustrine emergent semipermanently flooded
Palustrine forested scrub/shrub seasonally flooded
Palustrine forested scrub/shrub seasonal-tidal
Palustrine forested temporarily flooded
Palustrine forested seasonally flooded
Palustrine scrub/shrub emergent seasonally flooded
Palustrine scrub/shrub emergent seasonal-tidal
Palustrine scrub/shrub forested seasonally flooded
Palustrine scrub/shrub seasonally flooded
Palustrine scrub/shrub seasonal-tidal
Palustrine unconsidated bottom permanently flooded
Palustrine unconsolidated bottom permanently flooded excavated
Palustrine farmed
Riverine tidal unconsolidated bottom 
0 0.25 0.5 0.75
Kilometers ±
 
Figure 43.  Wetland types and locations within two buffer areas surrounding Smith Lake (NWI 1993). 
Land Use 
The predominant land use and cover types around Smith Lake are wetlands, scrub-shrub 
vegetation, grassland and low intensity development (Table 20).  Smith Lake has the second 
highest amount of developed area of all the Clatsop Plains Lakes.  The larger 400-m band area 
encompasses more high and low intensity developed areas (Figure 44).  Development of this 
type can represent potential nonpoint pollution sources to the lake, especially nutrients from 
residential septic tanks and runoff from lawns.  The grassland surrounding the lake (the cemetery 
on the east side of Cemetery Lake) is located mainly within the 400-m buffer (Figure 44). 
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Table 20.  Land use and cover types for buffer areas surrounding Smith Lake (NOAA 1993). 
 Buffer 
Land Use/Cover Type 200 meters 400 meters 
High Intensity Developed 0.6 1.4 
Low Intensity Developed 4.9 8.6 
Cultivated Land 0.0 0.0 
Grassland 5.7 11.8 
Deciduous Forest 0.2 0.4 
Evergreen Forest 3.5 9.4 
Mixed Forest 1.0 1.7 
Scrub/shrub 16.6 27.8 
Palustrine forested wetland 2.4 13.0 
Palustrine scrub/shrub wetland 5.2 16.1 
Palustrine emergent wetland 2.7 6.3 
Estuarine emergent wetland 0.0 0.0 
Unconsolidated shore 0.0 0.0 
Bareland 0.0 0.1 
Water 0.5 2.0 
Population 
The population density around Smith Lake is the highest of all the lakes in the study. 
Population density ranged of 258 (within 400 m) to 323 (within 200 m) people per square mile.  
The highest density occurs along Lake Drive (Figure 45).  All residences utilize septic tanks for 
waste disposal.  Since sandy soils with low nutrient retention properties predominate in the area 
nutrients in septic tank effluent may be mobile in the groundwater.  The effluent could represent 
a potentially significant source of nutrients to the lake. 
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Figure 44.  Land use and cover types for two buffer areas around Smith Lake (NOAA 1993). 
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Figure 45.  Population density, measured in number of people per square mile, surrounding Smith Lake. 
Fish and Wildlife 
Information on fish and wildlife species present at Smith Lake came primarily from 
residents around the lake.  Residents at the lake have observed otters, beaver and nutria.  Osprey, 
bald eagles, and many different types of ducks have also been reported (Tagliavento 2003).  The 
fish community in the lake includes warm-water fish such as largemouth bass, white and black 
crappie, bullhead, bluegill, yellow perch and warmouths (Tagliavento 2003; ODFW 2003).  
Rainbow trout are intermittently stocked in the lake (ODFW 2003b) although fishing is limited 
due to the primitive boat ramp and dense stands of aquatic weeds. 
The Oregon Natural Heritage Program compiles a list of the state and federal listed 
species within the state and the counties where those species may be found (ONHP 2001).  There 
are several state or federally listed avian and amphibian species that may utilize the lake and its 
vicinity.   
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Surface Water Chemistry 
Methods  
Smith Lake water quality was sampled at two sites (Figure 46) during seven sampling 
events in 2003. Sampling occurred on 12 February, 20 March, 5 May, 25 June, 13 August, 14 
October, and 17 November.  Two issues of note occurred over the course of the study at Smith 
Lake: Hydrolab profile data from the 13 August sampling and the June, August, and October 
chlorophyll-a samples event were lost. 
 
Figure 46.  Smith Lake mid-lake (▲) and north lake (x) sample sites. 
Results and Discussion 
Data summary  
There were no major differences between water quality parameters at the two lake 
sampling sites (Table 21).  Smith Lake had the highest mean (of all lakes sampled) light 
extinction coefficient and the lowest Secchi transparency, pH and turbidity of all the lakes 
studied. All trophic state indices classified the lake as eutrophic. The dissolved organic carbon 
concentration in the lake was nearly as high as in Cullaby Lake. The dissolved organic carbon 
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concentration, coupled with the high cover of N. odorata, which shades the water column and 
limits gas exchange between the lake and the atmosphere, play an important role in nutrient 
processes and biology in the lake.   
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Table 21.  2003 mean water quality and trophic status indicators for Smith Lake at the mid-lake and north 
lake sample sites.  Concentrations are from 1-m depth samples.   
 
Parameter 
Mid-lake 
Mean ± 1 standard error 
North lake 
Mean ± 1 standard error 
Nitrate + nitrite nitrogen (mg/L) 0.0163 ± 0.0026 0.0137 ± 0.0034 
Ammonia nitrogen (mg/L) 0.05* 0.03* 
Total Kjeldahl nitrogen (mg/L) 0.07 ± 0.0 0.6 ± 0.1 
Ortho-phosphorus (mg/L) 0.007* 0.007* 
Total phosphorus (mg/L) 0.05 ± 0.00 0.05 ± 0.00 
TN:TP (mass) 13.9 ± 0.8 12.2 ± 0.8 
Chlorophyll a (µg/L) 8.6 ± 2.0 9.5 ± 2.7 
Extinction coefficient (m-1) 5.0 ± 1.0 5.1 ± 1.2 
Secchi transparency (m) 0.7 ± 0.1 0.7 ± 0.4 
Turbidity (NTU) 1 ± 1 1 ± 1 
Hardness (mg/L as CaCO3) 21.0 ± 1.2 21.3 ± 2.0 
Conductivity (uS/cm) 119 ± 4.7 117 ± 4.8 
Alkalinity (mg/L) 12.5 (1)   13.9 (1)   
pH (units) 6.8 ± 0.1 6.7 ± 0.1 
Non-purgeable organic carbon 
(mg/L) 
7.5 (1)   8.1 (1)   
Colored DOC (a325, m-1) (1)   24 (1)   26 (1)   
Carlson’s trophic state index –  
total phosphorus 
60 61 
Carlson’s trophic state index – 
chlorophyll a 
51 52 
Carlson’s trophic state index – 
Secchi transparency 
67 68 
Asterisks represent means derived from concentrations that include at least one value below detection limits.  Values 
were included in the calculations at the method detection limit.  TN values were calculated as the sum of total 
Kjeldahl nitrogen and nitrate + nitrite nitrogen.  (1)  Parameters were measured during the June sampling event only. 
Light environment 
The dense beds of macrophytes, organic rich sediment, and wetlands surrounding the lake 
have a major impact on the light availability in the water column.  Decomposing organic matter 
produces refractory dissolved organic carbon substances that lend a brown hue to the lake that 
reduces light penetration through the water column.  As a result the photic zone is shallow 
throughout the year (Figure 47).  Light availability was further inhibited by turbidity associated 
with particles in the water, especially in August.  The degree to which phytoplankton biomass 
contributed to turbidity is unknown since chlorophyll-a samples for three of the sampling trips 
were lost.  Dissolved organic carbon and color were high during the one measurement of those 
parameters in June (Table 21).  Both the photic zone and Secchi transparency, a surrogate for 
light penetration, decreased during the summer.  The photic zone reached a low of 0.5 meters 
and the Secchi transparency reached a minimum of 0.3 meters in August (Figure 47).  This 
decrease in transparency was likely a result of an increase in colored DOC during the summer.  
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Increased colored DOC could have resulted from a combination of senescing macrophytes and 
diminished groundwater inflow. 
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Figure 47.  Secchi depth, photic zone, chlorophyll a, and turbidity measured in Smith Lake at the mid-lake 
(♦) and the north lake (□) sample sites.  Chlorophyll and turbidity measurements are from 1-m depth.  
Physical mixing - temperature and oxygen 
Physical mixing of the water column of the lake is important because it impacts the 
exchange of gasses with the atmosphere and it alters the light environment experienced by the 
phytoplankton, both of which have a strong influence on the water quality of the lake.  Two 
competing factors influenced physical mixing of Smith Lake:  the shallowness of the lake, which 
promotes complete mixing of the water column, and the high density of aquatic macrophytes, 
which decreases mixing.  In the absence of macrophytes, the morphometry of the lake would 
predict turbulent conditions with little prospect of stratification (Patalas 1984).  The theoretical 
mixed-layer depth for the lake based solely on length and width of the lake is 4.2 meters, more 
than the maximum depth of the lake.  The macrophytes absorb much of the wind energy in the 
water column, however, and create conditions in which temporary stratification can occur during 
periods of light winds.  During May and June 2003, weak thermal stratification was observed 
(Figure 48).  Temporal changes in temperature at one-meter depth ranged from 8.4 ºC in 
February to 18.7 ºC in August (Figure 49).  There were no differences in temperature between 
the two sampling sites on the lake.   
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Oxygen depletion in bottom water was present during May and June when thermal 
stratification occurred (Figure 48).  Concentration dropped from 6.0 to 3.1 mg/L between 0.1 and 
1 m in June at the mid-lake site.  Significant oxygen depletion was evident at one meter from 
May through October at both sampling sites (Figure 49).  Concentrations reached lows of 2.3 and 
1.3 mg/L at the mid-lake and north lake sites in August, respectively (Table 22). Concentrations 
were well below the Oregon DEQ cold water dissolved oxygen criterion of 8 mg/L.  
Concentrations were below the criterion during five of the seven sampling events.   Areas of the 
sediment-water interface within more dense macrophyte beds were likely anoxic during calm 
periods in the summer due to decomposition of the high concentrations of organic carbon and 
inhibition of mixing by macrophytes.  
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Figure 48.  Profiles of temperature and dissolved oxygen measured at Smith Lake mid-lake site on 12 
February (×), 20 March (+), 5 May (Δ), 25 June (◊), 14 October  (□), and 17 November (○). 
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Figure 49.  Temperature and dissolved oxygen at 1-m depth at the Smith Lake mid-lake (♦) and north lake 
(□) sample sites during 2003. 
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Table 22.  Dissolved oxygen concentrations measured at the mid-lake and north lake sample sites during 
2003.  Concentrations below the Oregon DEQ cold water criterion of 8 mg/L are shaded. 
  Dissolved oxygen (mg/L) 
Date Depth (m) Mid-lake site North lake site 
2/12/2003 1 7.3 7.7 
3/20/2003 1 8.7 9.0 
5/5/2003 1 7.5 7.6 
6/25/2003 1 3.7 3.0 
8/13/2003 1 2.3 1.3 
10/14/2003 0.5 3.7 3.9 
11/17/2003 1 8.2 no data 
 
pH, alkalinity, and carbon dioxide 
Temporal changes in pH closely tracked those of oxygen (Figures 49 and 50).  The pH 
ranged from 7.2 in May to 6.3 in August.  Oxygen and pH are linked through organic matter 
decomposition.  The decomposition process produces dissolved carbon dioxide as it consumes 
oxygen.  In a lake with high concentrations of organic carbon and inhibited mixing, dissolved 
carbon dioxide production can outpace diffusion across the water-air interface, particularly when 
much of the surface is covered by floating leaf macrophytes, creating supersaturation of carbon 
dioxide in the water column.   Since Smith Lake is a poorly buffered lake with low alkalinity 
values (12.5 mg CaCO3/L at the mid-lake site and 13.9 mg CaCO3/L at the north lake site in 
June), the pH of the lake is sensitive to changes in dissolved carbon dioxide in the water.  The 
increase in CO2 through the summer caused a measurable decrease in pH.  Leaching of organic 
acids from marshes within the watershed also likely contribute to low pH in the lake.   
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Figure 50.  pH measured at 1m at the mid-lake (♦) and the north lake (□) sample sites; and pH profiles at the 
mid-lake site measured on 12 February (×), 20 March (+), 5 May (Δ), 25 June (◊), 14 October (□), and 17 
November (○). 
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Specific conductance and ionic composition 
Specific conductance in Smith Lake ranged from 106 μS/cm in June to 136 μS/cm in 
October (Figure 51), within the typical range for lakes located near the Oregon Coast (Johnson et 
al. 1985).  As with other lakes near the ocean, sodium was the most abundant cation that 
contributed to conductivity (Figure 51).  Calcium and magnesium concentrations were relatively 
stable throughout the sampling period.  Potassium concentrations were the lowest of the four 
major cations.  Seasonally, the cation species follow the pattern of conductivity with the 
exception of potassium.  Potassium concentrations were low during the summer.  Potassium 
depletion due to plant uptake has been observed in wetlands and may be a factor in the decline in 
Smith Lake (Talling and Parker 2002).  Hardness, as measured by the sum of calcium and 
magnesium, remained in the softwater category throughout the year.  Chloride was the most 
concentrated anion. 
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Figure 51.  Conductivity measured at 1m at the mid-lake (♦) and the north lake (□) sample sites and calcium 
(ο), potassium (+), magnesium (×), and sodium (Δ) measured at the mid-lake sample site. 
Nutrients 
Low oxygen concentration and redox potential, caused by dense macrophyte beds and 
high dissolved organic carbon, promotes the release of iron-bound phosphorus from sediments 
(Scheffer 1998).  Under anoxic conditions, insoluble Fe(III) is reduced to Fe(II) and both iron 
and phosphorus are released into the water column.  Phosphorus loading from septic systems and 
lawn fertilizer likely contributed to the phosphorus load to the lake.  Total phosphorus 
concentrations observed in Smith Lake remained remarkably constant through the year at 0.05 
mg/L (Figure 52), a concentration that indicates a eutrophic condition (Carlson 1977).  Soluble 
reactive phosphorus concentrations were low throughout the season and were lowest during late 
summer.  The drop in concentration during late summer was likely due to uptake by 
macrophytes, phytoplankton, epiphytic algae, and bacteria.   
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Nitrogen dynamics are also influenced by the oxygen and mixing conditions set up by the 
dense macrophytes and organic rich sediments.  Total Kjeldahl nitrogen concentrations were 
high (Figure 52).  Decomposition of organic material produces ammonium, which which is the 
predominant form of inorganic nitrogen in anoxic sediments.  Ammonium that diffuses into the 
water column is readily available as a nitrogen source for phytoplankton and macrophytes and, in 
an oxygenated water column, is oxidized to nitrate by nitrifying bacteria.  Ammonium 
concentrations in the water column were near detection limits during most of the growing season 
(Figure 52). Nitrate concentrations in Smith Lake dropped from a spring high of 0.03 mg/L to 
about 0.01 mg/L in summer (Figure 52).  Under anaerobic conditions nitrate can be further 
transformed into nitrogen gas through denitrification by microbes.  Nitrogen gas cannot be used 
as a nitrogen source by plants and is lost through diffusion to the atmosphere.  Because 
denitrification requires anaerobic conditions and because nitrate production requires aerobic 
conditions, shallow lakes with extensive macrophyte stands are an ideal place for denitrification 
and loss of nitrogen to the atmosphere to occur.   
In humic lakes, such as Smith Lake, nitrogen concentrations commonly limit 
phytoplankton production (Jansson 1998).  Jansson noted that, according to the traditional 
microbial loop model (Azam et al. 1983), bacterial production is typically carbon-limited and 
that phytoplankton control the supply carbon through photosynthesis.  In a carbon-rich, humic 
lake, however, bacteria are relieved of their dependence on phytoplankton for carbon.  Under 
these conditions bacteria become nutrient-limited rather than carbon-limited.  Since bacteria are 
better competitors for phosphorus than phytoplankton, the phosphorus available for 
phytoplankton is limited.  Jansson (1998) suggested that in humic lakes the phytoplankton 
community is typically dominated by pigmented flagellates, mainly chrysophyceans and 
cryptophytes, many of which are capable of mixotrophy (i.e. they are capable of both 
heterotrophic and autotrophic growth).  These algae can become nitrogen limited because their 
food supply, bacteria, are rich in phosphorus with respect to nitrogen.  
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Figure 52.  Nutrients measured in Smith Lake at the mid-lake site (♦) and the north lake site (□).  Total 
nitrogen (TN) was calculated as the sum of measured total Kjeldahl nitrogen and nitrate plus nitrite.  Black 
dashed lines represent method detection limits.  
Trophic state 
Carlson’s trophic state index values suggest the lake is eutrophic (Figure 53).  Index 
values over 50 indicate eutrophic conditions. The chlorophyll-a based index indicates the lake is 
bordering on mesotrophic.  The lack of agreement between the indices reinforces the conclusion 
that nutrients in this humic, macrophyte-rich lake are not processed in the same manner as in the 
classic “clear-water” type of lake.  
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Figure 53.  Smith Lake Carlson’s trophic state index based on total phosphorus (□), Secchi transparency (♦), 
and chlorophyll a (Δ). 
Synthesis and management implications  
Smith Lake is a shallow, interdunal lake with abundant growth of several invasive, 
aquatic plants.  About 70 percent of the lake surface in late summer is covered by floating leaves 
of N. odorata. The plant shades and stabilizes the water column, reduces gas exchange with the 
atmosphere, and results in low dissolved oxygen concentrations. The watershed has the highest 
population density of all the lakes in the Clatsop Plains, with 323 people within 200 m of the 
lakeshore.  The residences surrounding the lake all utilize septic tanks for waste disposal.  Sandy 
soils with low nutrient retention capacity surround the lake, and nutrients from septic systems 
may contribute to lake nutrient loading.   
Dense macrophyte beds, highly organic sediments, and wetlands in the watershed 
influence lake water quality. The high nutrient concentrations in the lake could cause serious 
water quality problems such as high chlorophyll values and toxic phytoplankton blooms, 
however, the dense macrophyte beds and dissolved organic carbon entering the from the 
extensive wetlands in the watershed, mitigate these problems through light attenuation, by 
providing a refuge from predation for zooplankton, and by altering the microbial food web. As 
consequence, phytoplankton production is lower than would be expected from nutrient 
concentrations. The trophic state index based on chlorophyll-a was much lower than the indices 
based on total phosphorus and Secchi transparency.  
Extensive macrophyte control activities could result in higher rates of phytoplankton 
production in Smith Lake. The amount of macrophyte removal that could lead to increased 
phytoplankton abundance is not known.  The IAVMP for Smith Lake stressed sequential, 
stepwise reduction in macrophyte cover with regular monitoring of phytoplankton response to 
reduce the probability of stimulating phytoplankton blooms. 
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Sunset Lake 
Introduction 
Sunset Lake, historically called Neacoxie Lake, is a long, narrow interdunal lake.  The 
Pacific Ocean lies approximately a quarter of a mile to the west. A golf course and Highway 101 
are located to the east.  The lake is approximately three miles long and sits between relict sand 
dunes that run north and south.  The lake is a popular recreation spot for local residents, 
particularly for fishing and boating.  Warm water fish such as bass and crappie are present, as 
well as stocked rainbow trout.  There are several businesses on the lake, including the Astoria 
Golf and County Club, Sunset RV Park and a bakery. 
The lake was listed on the Oregon Department of Environmental Quality’s (DEQ) 303(d) 
list for impaired water quality due to abundant growth of the invasive aquatic plant fragrant 
waterlily (Nymphaea odorata). The Integrated Aquatic Vegetation Management Plan (IAVMP) 
prepared for the lake (Chapter 4) includes a combination of small scale (benthic barriers, cutting, 
sediment agitation) and large scale (harvesting) macrophyte treatment options. 
Lake and Watershed Characterization 
Morphology and Bathymetry 
A bathymetric map of Sunset Lake was created from data collected during the spring of 
2003.  Morphometric parameters were calculated from the new map.  Details of the data 
collection and analysis methods are presented in section 3.1.1.  Depth, latitude, and longitude 
data were collected along 172 parallel transects on 15 and 22 April 2003 (Figure 54).  A total of 
28 kilometers of data were collected. 
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Figure 54.  Bathymetric data collection cruise paths followed at Sunset Lake on 4/15/03 and 4/22/03. 
The bathymetric map created from the hydroacoustic data illustrates four distinct basins 
separated by shallow sills (Figure 55).  The south basin is the deepest of the four with a 
maximum depth of 6.7 meters (Table 23).  The northern-most basin is the shallowest of the four.  
The mean depth of the entire lake is 2.7 meters.  The shape of the lake basin is slightly convex, 
as is shown in the absolute areal hypsographic curve (Figure 56) (Håkanson 1981).  Fifty percent 
of the sediment surface lies below 2.5 meters and 50 percent of the volume lies below 1.5 meters. 
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Table 23.  Morphometric characteristics of Sunset Lake. 
 
Morphometric parameter 
South 
basin 
South-middle 
basin 
North- 
middle basin 
North 
basin 
Entire 
lake 
Surface area (hectares) - - - - 48 
Shoreline length (kilometers) - - - - 10.5 
Maximum effective length (kilometers) 1.1 0.3 1.0 0.8 - 
Maximum effective width (kilometers) 0.2 0.2 0.2 0.1 - 
Maximum depth (meters) 6.7 5.8 4.8 3.8 6.7 
Mean depth (meters) - - - - 2.7 
Volume (cubic hectometers or 10-6 m3) - - - - 1.273 
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Figure 55. Bathymetric map and morphometric parameters of Sunset Lake. 
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Figure 56.  Sunset Lake hypsographic curves of surface area and volume (1 cubic hectometer = 106 m3)  
Sunset Lake Watershed 
Geology and Soils  
Sunset Lake is located between dune ridges 3 and 4 in the central portion of the Clatsop 
Plains.  The surface geology around the lake is dune sand with little evidence for significant peat 
deposits.  However, observations made during installation of a groundwater sampling peizometer 
near the western shore of the lake indicate organic material may be present in localized areas 
(Chapter 2).  Sediment on the lake bottom ranges between 20 and 50 cm.  The depth to bedrock 
in this area of the plains is probably between 20 and 30 m.  See Chapter 2 for details on the 
geology in the vicinity of Sunset Lake. 
Sunset Lake is surrounded by fine sand and sandy loam (Figure 57).  Waldport fine sand 
lines most of the lake’s 10,403 ft perimeter.  Warrenton loamy fine sand intercepts the southern 
tip of Sunset Lake.  A short stretch of Gearhart fine sandy loam lines a short southwest portion of 
the shoreline. 
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Figure 57.  Soil types surrounding Sunset Lake (NRCS 1988). 
Ground and surface water flows 
No surface water inflows were observed in Sunset Lake during the study period; 
however, minimal outflow was observed through Neacoxie Creek at the south end of the lake.  
Creek flows measured 1.6 km below Sunset Lake (site PSEE in Chapter 2) ranged from 0.4 to 
9.9 cubic feet per second through the season.  The presence of surface water outflow without 
surface water inflow indicates a substantial amount of groundwater input.  Estimated net ground 
water input to Sunset Lake was positive throughout the year, higher during rainy periods, and 
lower during dry periods.  Groundwater flow direction appears to be more complex than in the 
other study lakes.  Flow direction in the northern part of the lake is from the west, as is the case 
with the other lakes, but flows also move from the east and to the south in the southern part of 
the lake.   The westerly flux appears to be greater in the northern part of the lake than in the 
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southern part.  See Chapter 2 for details on the surface and ground water flows in the vicinity of 
Sunset Lake. 
Vegetation 
Woodlands vegetation is the dominant vegetation type surrounding Sunset Lake 
(CLAMS 1996).  Woodlands account for 47 percent of the 200-m buffer and 51 percent of the 
400-m buffer vegetation around the lake (Table 24) and are evenly distributed throughout each of 
the buffers (Figure 58).  Broadleaf and small coniferous trees make up the remaining forested 
vegetation types.  Broadleaf trees are located on the north end of the lake, as well as a small 
patch on the east side of the middle part of the lake.  Small coniferous trees comprise less than 
five percent of the two band areas and are located primarily on the west side of the lake at the 
north and south ends.  Large mixed trees make up less than two percent of the bands and are 
found in the same locations as the small coniferous trees. Large areas of open, non-forested land, 
account for 36 percent of the 200-m buffer and 40 percent of the 400-m buffer areas.  These 
areas are a likely a combination of open sand, grassland, and scrub/shrub vegetation. 
Clatsop Plains Lake Management 
Chapter 3. Water Quality and Watershed Characterization 
 89
Table 24.  Percent of buffer areas for vegetation types surrounding Sunset Lake (CLAMS 1996). 
 Buffer 
Vegetation Type 200 meters 400 meters 
Open Forest 0.2 0.4 
Broadleaf 5.3 5.7 
Small Mixed 0.0 0.0 
Medium Mixed 0.7 0.5 
Large Mixed 1.6 1.4 
Very Large Mixed 0.4 0.2 
Small Conifer 4.2 3.9 
Medium Conifer 0.1 0.1 
Large Conifer 0.1 0.0 
Very Large Conifer 0.0 0.0 
Open Non-forested 35.9 40.3 
Woodlands 51.6 47.6 
 
 
Figure 58.  Vegetation types surrounding Sunset Lake (CLAMS 1996). 
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Wetlands 
Wetlands comprise four to 4.5 percent of the band areas.  The dominant wetland types are 
palustrine forested and palustrine emergent, seasonally flooded wetlands (Table 25).  The 
wetlands surrounding Sunset Lake are located along the shore and on the south end of the lake 
(Figure 59).  Sunset Lake has the smallest percentage of total wetlands within buffer zones 
around the Clatsop Plains Lakes. 
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Table 25.  Percent of buffer areas surrounding Sunset Lake for wetland types (NWI 1993). 
 Buffer 
Wetland Type 200 meters 400 meters 
Palustrine, scrub-shrub, seasonally flooded 0.5 1.3 
Palustrine, aquatic bed, permanently flooded 0.0 0.3 
Palustrine, forested, seasonally flooded 1.6 0.8 
Palustrine, emergent, seasonally flooded 1.2 1.5 
Lacustrine, limnetic, unconsolidated bed, permanently flooded 0.8 0.4 
Palustrine, unconsolidated bed, permanently flooded, excavated 0.0 0.1 
Total Wetland 4.1 4.5 
 
Sunset Lake wetland types
Lacustrine limnetic unconsolidated bottom permanently flooded
Lacustrine littoral aquatic bed permanently flooded
Palustrine aquatic bed semipermanently flooded
Palustrine aquatic bed permanently flooded 
Palustrine emergent temporarily flooded
Palustrine emergent seasonally flooded
Palustrine emergent semipermanently flooded
Palustrine forested seasonally flooded
Palustrine scrub/shrub seasonally flooded
Palustrine unconsolidated bottom permanently flooded excavated
Palustrine farmed
0 0.5 1 1.50.25
Kilometers ±
 
Figure 59.  Wetland types and locations for the buffer areas surrounding Sunset Lake (NWI 1993). 
Land Use 
Approximately 11 percent of the band areas around Sunset Lake are developed to some 
extent (Table 26), the highest percentage of all the Clatsop Plains Lakes.  The developed areas 
are located primarily on the west side of the lake and on the southeast corner, just at the edge of 
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the 400-meter buffer (Figure 60).  Grassland occupies approximately 50 percent of the band 
areas.  The grassland areas are located on the east side of the lake west of Highway 101.  Scrub-
shrub vegetation comprises approximately 20 percent of the band areas and is located primarily 
on the west side of the lake.  A small area of evergreen forest is located on the west side of the 
lake along Sunset Beach Lane. 
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Table 26.  Land use and cover types for buffer areas surrounding Sunset Lake (NOAA 1993). 
 Buffer 
Land Use Type 200 meters 400 meters
High Intensity Developed 1.2 1.6 
Low Intensity Developed 10.6 10.0 
Cultivated Land 0.0 0.0 
Grassland 53.2 50.6 
Deciduous Forest 0.0 0.0 
Evergreen Forest 5.9 7.5 
Mixed Forest 0.4 0.2 
Scrub/shrub 18.4 20.5 
Palustrine forested wetland 1.3 0.8 
Palustrine scrub/shrub wetland 3.7 3.6 
Palustrine emergent wetland 3.4 3.7 
Estuarine emergent wetland 0.0 0.0 
Unconsolidated shore 0.0 0.0 
Bareland 0.0 0.2 
Water 1.9 1.1 
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Figure 60.  Land use and cover types for the area surrounding Sunset Lake (NOAA 1993). 
Population 
The area around Sunset Lake has the second highest population density of the Clatsop 
Plains Lakes, ranging from 177 people per square mile within the 200-m buffer area to 191 
people per square mile within the 400-m buffer area (US Census Bureau 1996).  The higher 
density areas are located directly adjacent to the lakeshore, primarily on the west side of the lake 
in the Surf Pines development (Figure 61).  All residences use septic tanks for waste disposal.  
Since the lake and the surrounding land are underlain by highly porous sand with low nutrient 
retention capacity septic systems could represent a potentially significant source of nutrients to 
the lake. 
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Figure 61.  Population density around Sunset Lake (US Census Bureau 1996). 
Fish and Wildlife 
Information on use of the lake by fish and wildlife came mainly from observations made 
during sampling visits by CLR staff.  Osprey, bald eagles, blue heron, Canadian geese, swallows, 
king fishers and many different types of ducks use the lake. On occasion, 75 to 150 ducks were 
observed on the lake during water quality and plant sampling.  Fish in the lake include warm 
water fish such as largemouth bass, black crappie, brown bullhead, and yellow perch (ODFW 
2003).  Rainbow trout are regularly stocked in the lake, including three times in 2003 (ODFW 
2003b).  Deer and elk are regularly visit the lake and their grazing on landscaping has become a 
nuisance to some residents.  Elk have been observed swimming across the lake and wading in the 
shallows. 
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Surface Water Chemistry 
Summary 
Two sites were sampled in Sunset Lake for selected water quality parameters during 
2003.  Differences in morphology and adjacent development influenced the water quality at the 
sites.  The mid-lake site was shallower, had higher macrophyte biomass and more human 
development than the south basin site.  As a result, higher nutrient concentrations and dissolved 
oxygen problems were observed at the mid-lake site.  Surface water dissolved oxygen 
concentrations were below 8 mg/L on two occasions at the mid-lake site. Dissolved oxygen 
concentrations were near saturation at the south basin site.  Thermal stratification was present 
during the summer at both sites.  Average annual total phosphorus concentrations were 60 
percent higher at the mid-lake site than at the south basin site. Sunset Lake was highly eutrophic 
based on trophic state indices for total phosphorus, chlorophyll-a, and Secchi transparency. 
Macrophyte control measures, such as harvesting, have little effect on the water quality of the 
lake. 
Methods 
Water quality data were collected at two sites in Sunset Lake during 2003 (Figure 62).  
Sampling occurred on 6 February, 18 March, 7 May, 24 June, 11 August, 21 October, and 19 
November.  Two problems occurred over the course of the study at Sunset Lake: Hydrolab 
profile data from the 11 August and the June, August, and October chlorophyll-a samples were 
lost. 
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Figure 62.  Sunset Lake mid-lake (▲) and south basin (■) sample sites. 
Results and discussion 
Data summary 
Sunset Lake had the highest mean nitrate+nitrite-nitrogen, total Kjeldahl nitrogen, 
chlorophyll-a, specific conductance, alkalinity, and pH of all the lakes studied. It also had the 
lowest mean TN:TP ratio. Most of the measurements made indicated that water quality at the 
mid-lake station was lower than at the south basin station (Table 27). All trophic state indices 
classified the lake as eutrophic. 
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Table 27.  2003 mean water quality and trophic status indicators for Sunset Lake at the mid-lake and south 
basin sample sites.  Values are from 1-m depth samples.   
 
Parameter 
Mid-lake 
Mean ± standard error 
South basin 
Mean ± standard error 
Nitrate + nitrite nitrogen (mg/L) 0.341 ± 0.0137  0.0332 ± 0.0212 
Ammonia nitrogen (mg/L) 0.05 ± 0.02 0.03 ± 0.00 
Total Kjeldahl nitrogen (mg/L) 0.7 ± 0.1 0.6 ± 0.1 
Ortho-phosphorus (mg/L) 0.022 ± 0.004 0.008 ± 0.001 
Total phosphorus (mg/L) 0.05 ± 0.01  0.08 ± 0.01 
TN:TP (mass) 9.0 ± 1.0 11.8 ± 1.0 
Chlorophyll a (µg/L) 28.1 ± 6.1 17.9 ± 3.2 
Extinction coefficient (m-1) 1.8 ± 0.1 1.4 ± 0.1 
Secchi transparency (m) 1.3 ± 0.1 1.5 ± 0.1 
Turbidity (NTU) 5 ± 1 4 ± 0 
Hardness (mg/L as CaCO3) 48.7 ± 2.3 46.1 ± 1.6 
Conductivity (uS/cm) 200 ± 6 190 ± 5 
Alkalinity (mg/L) 48.0 42.8 
pH (units) 7.6 ± 0.1 7.8 ± 0.0 
Dissolved organic carbon (mg/L) 5.73 4.3 
Colored DOC (a325, m-1) 13 5 
Carlson’s trophic state index –  
total phosphorus 
68 ± 1 61 ± 1 
Carlson’s trophic state index – 
chlorophyll a 
63 ± 2 58 ± 2 
Carlson’s trophic state index – 
Secchi transparency 
56 ± 1 55 ± 1 
Asterisks represent means derived from concentrations that include at least one value below detection limits.  Values 
were included in the calculations at the method detection limit.  TN values were calculated as the sum of total 
Kjeldahl nitrogen and nitrate + nitrite nitrogen.  (1)  Parameters were measured during the June sampling event only. 
Light Environment 
Algal turbidity and color created a shallow photic zone at both sampling locations (Figure 
63).  Highest turbidity coincided with a cyanobacteria bloom in May.  Turbidity dropped in June 
and increased through the remainder of the summer.  Chlorophyll-a concentrations during the 
May bloom reached 40 μg/L at the mid-lake site and 24 μg/L at the south basin site during 
March.  Water color (at 325 nm) and dissolved organic carbon were considerably higher at the 
mid-lake site during June than at the south basin site (Table 27).  The photic zone was 
consistently deeper at south basin than at mid-lake, and was deeper than the epilimnetic depth at 
both sites throughout the summer.  Secchi transparency ranged from one to 1.7 meters at the 
mid-lake and from one to two meters at the south basin site. 
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Figure 63.  Secchi depth, photic zone, chlorophyll a, and turbidity measured in Sunset Lake at the mid-lake 
(♦) and the south basin (□) sites.  Chlorophyll and turbidity measurements are from 1-m depth.    
Physical mixing – temperature and oxygen 
Temperature at one-meter depth ranged from 9ºC in February to 21ºC in August (Figure 
64).  The mid-lake and south basin was stratified from May through August (Figure 65).  The 
epilimnetic depth was at approximately 2.5 meters at the south basin site and about two meters at 
the mid-lake site. Oxygen concentrations were depleted to less than two mg/L in the 
hypolimnion of the south basin during June and August.  Concentrations at the mid-lake site 
were depleted to less than two mg/L at four meters in June. Weak, shallow, thermal stratification 
was apparent at both sites during October but the bottom waters were re-oxygenated.  There were 
no differences in temperature between the two sampling sites.   
Oxygen concentrations at one-meter remained near 100 percent saturation at the south 
basin site throughout the year (Figure 64).  Concentrations at the mid-lake site dropped from 
greater than 100 percent saturation in May during a bloom of the cyanobacterium Anabaena sp. 
to 70 percent (6.6 mg/L) in June and 51 percent (4.6 mg/L) in August (Table 28).  The Oregon 
DEQ criterion oxygen concentration in waters classified for coldwater fisheries is 8 mg/L.  The 
differences in oxygen concentration between the mid-lake and south basin sites may have 
resulted from the higher densities of macrophytes and higher dissolved organic carbon 
concentration at the mid-lake site, which contributed to biological oxygen demand. 
Clatsop Plains Lake Management 
Chapter 3. Water Quality and Watershed Characterization 
 100
0
5
10
15
20
25
J M M J A O D
Date
Te
m
pe
ra
tu
re
 (º
C
)
0
25
50
75
100
J M M J A O D
Date
O
xy
ge
n 
sa
tu
ra
tio
n 
(%
)
 
Figure 64.  Temperature and oxygen measured at 1m at the Sunset Lake mid-lake (♦) and south basin (□) 
sample sites.   
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Table 28.  Dissolved oxygen concentrations measured at the mid-lake and south basin sample sites during 
2003.  Concentrations below the Oregon DEQ cold water criterion of 8 mg/L are shaded. 
  Dissolved oxygen (mg/L) 
Date Depth (m) Mid-lake site South Basin site 
2/6/2003 1 9.8 10.3 
3/18/2003 1 10.6 10.5 
5/7/2003 1 10.6 9.6 
6/24/2003 1 6.6 8.9 
8/11/2003 1 4.6 8.0 
10/21/2003 1 8.6 9.1 
11/19/2003 1 10.0 10.3 
 
pH, alkalinity, and carbon dioxide 
pH was lower in the hypolimnion than in the epilimnion (Figure 65) because of increased 
carbon dioxide concentration from bacterial metabolism of organic matter in the hypolimnion. 
pH at one-meter depth was above seven throughout the study at both sites (Figure 66).  pH 
increased slightly at the south basin site and decreased at the mid-lake site through the summer.  
Respiration and CO2 production by aquatic plants may account for the lower pH at the mid-lake 
site. High alkalinity (Table 27), for a lake in the Clatsop Plains, buffers pH response to CO2 
concentration changes in the lake.   
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Figure 65.  Profiles of temperature, dissolved oxygen, and pH measured at the Sunset Lake south basin (panel 
A), and mid-lake (panel B) sites on 6 February (×), 18 March (+), 7 May (Δ), 24 June (◊), 11 August (■), 21 
October (□), and 19 November (○). 
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Figure 66.  pH measured at 1m at the Sunset Lake mid-lake (♦) and the south basin (□) sample sites.   
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Specific conductance and ionic composition 
Specific conductance increased through the summer at both sampling sites (Figure 67).  
Specific conductance ranged from 173 to 221 μS/cm and was consistently higher at the mid-lake 
site.  The range was similar to other lakes located near the Oregon coast (Johnson et al. 1985).  
The increase in specific conductance during the summer was likely due to diminished runoff 
from the watershed and increased evaporation from the lake.   
Sodium was the most concentrated cation measured. Sodium concentration was four 
times higher than the next most concentrated cation, calcium (Figure 68). Potassium 
concentrations at the mid-lake site declined during the summer months, possibly due to uptake 
by the dense beds of macrophytes. Chloride was the most concentrated anion. Sunset Lake is a 
slightly hardwater lake. Hardness, calculated from calcium and magnesium concentrations, 
ranged from 40-57 mg CaCO3/L. 
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Figure 67.  Conductivity and hardness measured at the mid-lake (♦) and south basin (□) sample sites. 
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Figure 68.  Calcium (□), potassium (♦), magnesium (×), and sodium (Δ) measured at the mid-lake and south 
basin sample sites. 
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Nutrients 
Nutrient concentrations were strikingly different at the south basin and mid-lake 
sampling sites.  Although concentrations were high in both basins, surface total phosphorus (TP) 
concentrations were consistently higher at the mid-lake site than at the south basin site (Figure 
69).  Hypolimnetic TP concentrations were elevated at both sites during June and August.   
Soluble reactive phosphorus (SRP) concentrations remained low throughout the year at 
the surface of the south basin site.  Hypolimnetic concentrations were slightly higher during June 
and August.  SRP concentrations at the mid-lake site were much higher than in the south basin 
and increased through the summer to 0.039 mg/L in October.  The peak in concentration 
followed fall turnover, which mixed phosphorus-rich hypolimnetic water through the entire 
water column.  The hypolimnetic concentration prior to fall turnover in August was 0.120 mg/L.   
There was high variability (0.3 to 0.9 mg/L) and no distinct pattern in total Kjeldahl 
nitrogen concentrations at either sampling site. Hypolimnetic concentrations were highest at the 
south basin site during June and August.  Nitrate plus nitrite-nitrogen concentrations were low 
throughout the water column during the summer growing season at both sites.  Concentrations at 
the mid-lake site were high during February and November and during February at the south 
basin site.  Surface water ammonia concentrations were low throughout the year at the south 
basin site.  Concentrations increased during October and November at the mid-lake site.  
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Figure 69.  Nutrients measured at the Sunset Lake mid-lake site at 1 m (♦) and 1-m above the sediment (+); 
and at the south basin site at 1 m (□) and 1-m above the sediment (×).  Dashed lines represent the method 
detection limits.   
Trophic State 
Carlson’s trophic state indices (Carlson 1977) based on total phosphorus and Secchi 
transparency classified the lake is eutrophic (Figure 70). Index values were generally higher at 
the mid-lake site than the south-basin site.  There was good agreement between phosphorus and 
chlorophyll-a index values, which suggests that light does not limit phytoplankton biomass.  
Secchi-derived index values were consistently lower than TP or chlorophyll-a values.  Possibly 
because large algae cells in the water column allow better light penetration per amount of 
chlorophyll than small algae.   
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Figure 70.  Sunset Lake Carlson’s trophic state index based on total phosphorus (□), Secchi transparency (♦), 
and chlorophyll a (▲). 
Management implications 
Nutrient loading to the lake should be reduced to improve the water quality of the lake.  
Management of watershed sources such as leaking septic system effluents, lawn and golf course 
fertilization, and livestock grazing may improve the water quality of the lake in the long term.  
Internal loading of nutrients, however, may lessen the benefit of nutrient loading reduction from 
the watershed in the near term. 
Removal of macrophytes is likely to have competing influences on water quality. The 
water quality of Sunset Lake is complicated due to the influences of the watershed and the 
groundwater on the lake.  Harvesting biomass in the mid to north part of the lake may remove 
some biological oxygen demand that currently contributes to low dissolved oxygen concentration 
in the surface water.  Harvesting would promote thorough water column mixing in areas with 
formerly dense macrophyte beds.  This could return oxic conditions to the sediment surface and 
reduce the release of phosphorus from the sediment, therefore reducing the internal loading of 
phosphorus.  Any nutrients bound up in the aquatic plants would be removed with the plants.  
Removal of aquatic plants would reduce physical shading and increase light availability and 
nutrients for algae growth.  Sediment resuspension through wind driven turbulence would 
increase turbidity and increase nutrient concentrations.  With fewer macrophytes to decompose, 
dissolved organic carbon and color may decrease in the water column, also increasing light.  
With high turbidity and thick algae blooms already occurring throughout the lake within the open 
areas, harvesting may lead to a spread of these problems to areas formerly occupied by 
macrophytes.  This effect may be mitigated by the benefits of harvesting aquatic plants described 
above. 
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Synthesis and management implications 
Sunset Lake is narrow, interdunal lake with abundant growth of the non-native, invasive 
fragrant waterlily.  The lake has the second highest population density of the study lakes, with 
191 people per square mile within 400 m of the shore.  The population is mainly concentrated on 
the west shoreline of the lake.  Most of these residences use septic tanks for waste disposal. One 
of the sources of high nutrient groundwater is from the west side of the lake, where many of the 
houses surrounding the lake are located. The highly conductive sandy soils surrounding the lake, 
coupled with the connection of the lake to the groundwater. The surface water quality data 
indicate the lake is highly eutrophic. Watershed nutrient reduction controls may reduce 
groundwater nutrient concentrations and nutrient loading to the lake, which would decrease 
phytoplankton abundance.  Decreased phytoplankton abundance will increase light availability 
for aquatic plant growth. Thus, watershed nutrient control may benefit water quality by reducing 
phytoplankton abundance but exacerbate problems with aquatic weeds in the lake. Therefore, 
efforts to reduce nutrient loading should be implemented in concert with the integrated aquatic 
vegetation management plan for the lake. 
Groundwater and surface water interactions in the Clatsop Plains 
Permeable beach and dune sand in combination with abundant winter rainfall produce a 
significant groundwater aquifer within the Clatsop Plains.  The degree of influence of the aquifer 
on water quality of our four study lakes is complex and influenced by several factors, including: 
1) groundwater nutrient sources 2) groundwater flow direction and magnitude, and 3) nutrient 
speciation.  Given the complex stratigraphy of the dunal system, simple predictions of the 
relationship between ground and surface water in the region are not possible. 
Nutrient sources 
There are two types of nutrient sources for the aquifer, natural and anthropogenic.  
Natural sources include mineral weathering, decomposition of organic material, and nitrogen 
fixation.  Anthropogenic sources include leaking septic tank effluent, agricultural and residential 
fertilizers.  Areas of high population density such as near Smith and Sunset Lakes, and cranberry 
farms to the south of Cullaby Lake are obvious potential anthropogenic nutrient sources for the 
aquifer.  As a test of these assumptions, the degree of anthropogenic influence on the aquifer was 
inferred from the ratios of the conservative ions chlorine to bromine across the Clatsop Plains 
Clatsop Plains Lake Management 
Chapter 3. Water Quality and Watershed Characterization 
 108
Aquifer.  Chlorine can be added to the aquifer from anthropogenic as well and natural sources 
while bromine sources are mainly natural.  A high ratio suggests anthropogenic contamination of 
the groundwater (Andreasen and Fleck 1997). High chlorine to bromine ratios did not correspond 
with areas of high population density or cranberry bogs (Chapter 2). 
Groundwater flow 
The Clatsop Plains potentiometric surface generated from water table elevations suggests 
a general groundwater flow path from west to east across Coffenbury, Smith, Cullaby, and the 
northern section of Sunset Lake; and from the east, west and north in the southern section of 
Sunset Lake (Chapter 2, Figure 11).  Although sand is a very permeable medium for 
groundwater, the possibility of impermeable layers within the shallow aquifer adds uncertainty to 
estimates of the direction and magnitude of flow through the lakes.  As an example, armoring of 
lake bottoms with organic material may decrease the rate of groundwater flow through the lakes.   
Nutrient mobility 
Transport of nutrients from groundwater to surface water is not only dependent upon 
sources and flows, but also the mobility of nutrients. Mobility of nutrients in groundwater 
depends on nutrient speciation which is determined in large part by redox conditions.   
In groundwater with low redox potential, nitrogen is present in the form of ammonia or is 
lost to the atmosphere through denitrification.  Phosphorus in such redox conditions is present in 
the form of ortho-phosphorus.  Both ammonia and ortho-phosphorus are mobile and can be 
transported to surface waters.   In groundwater with low redox potential and high nutrient 
sources one would expect high levels of mobile ammonia and ortho-phosphorus.  The SUNP 
peizometer site on the west side of Sunset Lake follows this pattern although other similar 
Clatsop Plains groundwater sample sites do not. 
At sites with high redox potential, nitrogen is present in the form of nitrates and 
phosphorus precipitates out of solution to form iron-phosphates.   In groundwater with high 
redox potential and high nutrient sources, high concentrations of mobile nitrate plus nitrite and 
low concentrations of ortho-phosphorus are expected.  Site SURP located to the south of Sunset 
Lake fits this description and does indeed have high concentrations of nitrate plus nitrite and low 
concentrations of ortho-phosphorus.  The source of the contamination could be agricultural fields 
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or homes near the site.  Two other sites near the south end of Sunset Lake, BREN and SEPP, and 
a site near the town of Fort Stevens show a similar pattern. 
Because of the uncertainties in groundwater flow paths and magnitude and the 
complexities of nutrient transport, it is difficult to ascertain the degree of impact that 
groundwater nutrient contamination has on the surface water of the four study lakes.  It is a safe 
assumption, however, that there is some impact.  Any nutrient contamination from land use 
practices or septic tank effluent has the potential to impact the water quality of the lakes. 
Watershed influence on lake water quality 
Anthropogenic impacts on lake water quality result from intentional and unintentional 
manipulation of the biota and from increased nutrient loading. Water quality of lakes in the 
Clatsop Plains has, presumably, been degraded by both mechanisms; however, water quality 
measures were not well-correlated with indicators of human impacts in concentric bands around 
the lakes (Table 29). The only significant (alpha < 0.05) correlation between examined watershed 
characteristics and water quality measures was a negative correlation between chlorophyll-a 
concentration and the area within the 200-m band occupied by wetlands (Note: summer 
chlorophyll-a samples were lost and thus the annual mean value may be biased). Wetlands may 
influence chlorophyll-a concentration in the lakes through release of dissolved organic carbon 
that inhibits phytoplankton productivity by reducing light penetration and nutrient availability. 
Interestingly, however, there was no correlation between DOC concentration and wetland 
abundance in the watershed. Percent wetlands in the 400-m band was positively correlated with 
TSIsecchi but only at a probability of alpha=0.1. Similarly, there was a weak negative correlation 
between TSITP and the abundance of large and very large conifers in the 200 and 400-m bands. 
Large and very large conifers are presumed to indicate lack of recent logging activity. 
Taken as a whole, the data suggest that wetland, particularly those near the lakes, are 
important for protecting water quality in Clatsop Plains lakes. Lack of correlation between lake 
water quality and other landscape characteristics in concentric bands around the lakes does not 
suggest that other watershed characteristics are not important. Rather, the lack of significant 
correlations may be due the limited size of the dataset or the presence of multiple, confounding 
effects that mask simple correlations. 
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Table 29. Pearson’s product-moment coefficients for watershed characteristics in 200-m and 400-m bands 
and lake water quality (mean of all lake samples). Single underline indicates significance at alpha=0.1; double 
underline indicates significance at alpha=0.02. d.f.=1 for secchi and TSI secchi, d.f.=2 for all other 
coefficients. (Note: chlorophyll-a data in summer are missing). 
% of Watershed
High and Low Large and
Wetlands Intensity Very Large Population
Development Conifers
TKN
200 -0.5447 0.1619 0.2721 -0.7786
400 -0.9315 -0.2940 0.2630 -0.6480
TP
200 -0.0376 0.4964 -0.8724 0.2103
400 -0.2192 0.3126 -0.8762 0.2552
Chla
200 -0.9949 0.8360 -0.0500 0.0787
400 -0.7608 0.6319 -0.0561 0.2690
DOC
200 0.8404 -0.3407 -0.5647 0.3070
400 0.6870 -0.1675 -0.5598 0.1606
Secchi
200 -0.9653 0.9023 0.1321 -0.2541
400 -0.9339 0.5133 -0.3812 0.0020
TSI chl
200 -0.8839 0.6396 0.2102 0.1906
400 -0.4799 0.6075 0.2074 0.3390
TSI TP
200 -0.0740 0.5680 -0.9187 0.3190
400 -0.1832 0.4191 -0.9220 0.3678
TSI Secchi
200 0.8718 -0.7689 -0.3712 0.4835
400 0.9931 -0.2872 0.1429 0.2433
 
Nutrient restoration targets 
Macrophytes complicate nutrient processing and phytoplankton production in shallow 
lakes, especially in humic, shallow lakes. Nevertheless, nutrient concentrations have an influence 
on the algae and water clarity in these systems.  With the removal of macrophytes, the impact of 
high nutrient concentrations on other water quality parameters could be exacerbated (Scheffer 
1998).   
Nutrient restoration targets are important to managers because nutrient sources can be reduced 
through better watershed practices. Lake-specific total maximum daily load (TMDL) models 
have traditionally been used to determine restoration targets for lakes. Estimates of hydrologic 
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flow and concentrations of nutrients in the inflows and outflows are fundamental components of 
these models.  Unfortunately, estimates of groundwater flow direction, magnitude, and nutrient 
transport have a large degree of uncertainty within the Clatsop Plains region.  This uncertainty 
would carry through to any TMDL model limiting the value of any nutrient restoration targets 
generated.   
The U.S. EPA’s Nutrient Criteria Technical Guidance Manual for Lakes and Reservoirs 
(Gibson et al. 2000) suggests several other methods for setting restoration targets or nutrient 
criteria including; the lake population distribution approach, the reference lake distribution 
approach, and a simple empirical model.   
The first two approaches rely on first partitioning the population of lakes into groups or 
categories that are similar in terms of soil type, climate and lake morphometry, and then 
examining the distribution of parameters within each group.  The EPA Region 10 Nutrient 
Criteria Development Technical Advisory Group has proposed several lake categories within the 
Coast Range Lowlands Ecoregion, including separate categories for shallow coastal lakes, deep 
coastal lakes, and dystrophic lakes (PSU Center for Lakes and Reservoirs, unpublished data).   
The lake population distribution approach involves examining the distribution of 
parameters within each lake class.  In an area with high anthropogenic impact, such as the Coast 
Range Lowlands Ecoregion, the lower 25th percentile of the distribution of lakes was suggested 
to be representative of unimpacted or reference conditions.  As part of the EPA Region 10 
nutrient criteria development effort, water quality data were collected from a randomly selected 
set of lakes within the Coast Range Ecoregion (PSU Center for Lakes and Reservoirs, 
unpublished data).  The lower 25th percentiles of the distribution of total phosphorus, total 
nitrogen, chlorophyll-a and Secchi disc depth varied type by lake within the ecoregion (Table 
30).  In general, dystrophic lakes, those most similar to the four Clatsop Plains study lakes, had 
the higher values for total phosphorus, total nitrogen, and chlorophyll a, and lower Secchi disk 
depth readings.  
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Table 30.  25th percentiles of water quality parameters for selected lake types located in the Lowland Coast 
Range Ecoregion.  Percentile values are based on within lake averages.  Counts of lakes within each lake type 
are listed in brackets. 
Lake category TP (µg/l) TN (µg/l) 
Secchi 
depth (m) 
Chlorophy
ll a (µg/l) 
Dystrophic 20  [8] 353  [8] 2.7  [8] 25  [8] 
Shallow coastal  15  [11] 250  [10] 2.7  [8] 11  [10] 
Deep coastal  10  [9] 176  [8] 5.5  [9] 12  [9] 
All Coast Range Lowlands 
Ecoregion lakes 12  [28] 245  [26] 4.1  [25] 16  [27] 
 
The reference lake distribution approach is similar to the lake population distribution 
approach but only relatively unimpacted lakes are included in the population and a higher 
percentile cutoff in the distribution is considered natural conditions.  This approach has no direct 
application to the Coast Range Ecoregion since there is not a sufficient population of lakes that 
could be considered relatively unimpacted.  It is useful, however, to compare the three listed 
lakes in our study with Coffenbury Lake, the most pristine of the lakes.  The mean total 
phosphorus concentration in Coffenbury Lake was 30 µg/l during the study period. 
A simple model suggested by the EPA manual is the morphoedaphic index (MEI) total 
phosphorus inference model.  The empirical model was originally developed as a predictor of 
fisheries yield in Canadian lakes but was later adapted by Vighi and Chiaudani (1985) as an 
estimate of pre-anthropogenic total phosphorus concentrations.  The simple model is based on 
two parameters: alkalinity and morphometry.  The hypothesis is that under natural conditions, 
minerals that contribute to alkalinity in a lake are supplied proportionally to phosphorus and the 
processing of phosphorus is dependent upon lake morphometry.  As human impact to system 
increases phosphorus loading increases, but human activities have little impact on alkalinity.  
Therefore, natural levels of phosphorus in a lake can be back-calculated from modern day 
alkalinity and mean depth information. 
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Table 31.  Phosphorus restoration target options and current lake averages. 
 
Lake 
 25th percentile 
TP (µg/l) 
“Reference lake” 
TP (µg/l) 
MEI inferred 
TP (µg/l) 
2003 mean measured 
TP (µg/l) 
Coffenbury 20 30 15 30 
Smith 20 30 18 50 
Sunset 20 30 21 65 
Cullaby 20 30 17 70 
 
All the approaches listed above have their drawbacks. For example, the percentile cutoffs 
in lake distribution method are determined arbitrarily and the MEI model is very simplistic; 
however, these are the best methods available for use with the current data.  The three methods 
point to a reference total phosphorus concentrations ranging from 15-30 µg/l in Coffenbury 
Lake, 17-30 µg/l in Cullaby Lake, 18-30 µg/l in Smith Lake, and 21-30 µg/l in Sunset Lake 
(Table 31).  Currently total phosphorus concentrations are considerably higher than these values 
in all lakes with the exception of Coffenbury Lake. 
More confidence in specific nutrient restoration targets could be achieved through 
collecting more data for TMDL development or through paleolimnological techniques 
(Ramstack 2003), however, putting money and effort into reducing obvious sources of 
anthropogenic nutrient contamination such as leaking septic tanks or excess fertilizers would 
prove more beneficial. 
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Introduction 
This integrated aquatic vegetation management plan (IAVMP) was developed as part of a 
larger study of four lakes in the Clatsop Plains area on the north coast of Oregon. Three of the 
lakes, Cullaby, Sunset and Smith, are listed on the Oregon Department of Environmental 
Quality’s (DEQ) 303-d list for impaired water quality, specifically for abundant growth of 
invasive, non-native, aquatic plants. The fourth lake, Coffenbury, was selected as a control lake 
for comparative purposes in the study since it is located within a state park and was presumed to 
be relatively undisturbed. The larger project also included characterization of water quality in the 
four lakes, a description of groundwater influence on nutrient concentrations in the lakes, and 
description of potential activities in the watershed that could contribute to eutrophication of the 
lakes. 
Like most coastal Oregon lakes, non-native aquatic plants, including noxious weeds, have 
invaded the lakes in the Clatsop Plains. The weeds degrade beneficial uses of the lakes and were 
a criterion for 303-d listing. Therefore, aquatic vegetation management plans were a critical 
element of the overall project. Cullaby Lake has two invasive, non-native aquatic plant and one 
native plant that limit the beneficial uses, which include boating, fishing, swimming and 
aesthetics. The management plan for Cullaby Lake focuses on utilizing a combination of 
physical and mechanical control methods for managing the problem plants together with 
monitoring and education to prevent the introduction of new invasive weeds. 
Plans were prepared for all four lakes following methods described in A Guide for 
Development of Integrated Aquatic Vegetation Management Plans in Oregon (Gibbons et al, 
1999). Results of groundwater and water quality sampling conducted as part of the larger project 
can be found in Clatsop Lakes Vegetation and Water Quality Management (Sytsma and Petersen. 
2004), which is available from DEQ or the Center for Lakes and Reservoirs at Portland State 
University (CLR). 
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Problem Statement 
Several non-native and native aquatic plants have been problematic on Cullaby Lake for 
more than 20 years. Abundant growth of invasive, non-native plants such as fanwort (Cabomba 
caroliniana), parrotfeather (Myriophyllum aquaticum) and Brazilian elodea (Egeria densa) along 
with the native plant watershield (Brasenia schreberi), limits access to open water, impedes 
mobility throughout the lake and surrounds docks. 
The entrance of the canal, where a majority of the residents live, and narrow neck 
between the north and middle basins have a high abundance of watershield and fanwort. These 
plants limit boat mobility by encircling props, make launching of personal watercraft from shore 
difficult and limit access to the main part of the lake from the canal and Carnahan County Park. 
The canal also has abundant growth of parrotfeather along the shoreline, which decreases 
aesthetics and limits shoreline access. 
In front of homes and around personal docks along the lake, the abundant growth of 
watershield and fanwort limit near shore access and open water for swimming. Fragments of 
fanwort wash up on beaches in swimming areas in Cullaby Co. Park, decreasing aesthetics of 
these areas. These weed beds may pose a risk to swimmers by entangling their arms and legs. 
Residents have expressed concern with the high number of skin rashes and sinus and ear 
infections that occur after water contact, which may be due to the presence of cyanobacteria in 
the water. 
The weed beds are also aesthetically unpleasant, as many residents have complained of 
odors during the warmer months. The fragments of fanwort wash up on shore and decompose, 
making shorelines smelly and unsightly. Residents are concerned this loss of aesthetics may lead 
to a decrease in property values. The aquatic plants impede fishing by decreasing the amount of 
available areas for fishing, tangle line and impede casting. 
Anecdotal evidence from residents indicates that watershield and fanwort have caused 
increased sedimentation at the inlet of Cullaby Creek on the south end of the lake. There is 
concern this may have an impact on the flow of the creek into the lake, potentially affecting the 
rearing and spawning of salmon in the lake and creek There is an increase in water temperature 
within the vicinity of the weed beds, which may decrease the amount of habitable rearing areas 
for salmon in the lake. 
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Residents have noticed a decrease in the presence of bald eagles, osprey and blue heron at 
the lake. They have also observed that river otter and diving ducks have greatly decreased over 
the years. Recently, there has been an increase in the number of boats flushing their motors in the 
lake after fishing in the Columbia River, where Eurasian water milfoil (Myriophyllum spicatum) 
is present. This increases the possibility of another invasive aquatic plant being introduced into 
Cullaby Lake. 
Purple loosestrife (Lythrum salicaria) and yellow flag iris (Iris pseudacorus), two 
invasive, emergent, aquatic plants are present in clumps along the western shore of the lake, 
including in Carnahan and Cullaby Lake County Parks. These plants crowd out native 
vegetation, provide limited habitat to wildlife and convert open water to marsh by trapping 
sediment. 
Management Goals  
The overall management goal is to control the invasive weeds and problematic native 
weeds in Cullaby Lake in a manner that allows native plant and animal communities to thrive, 
which maintains water quality and facilitates recreational enjoyment of the lake. 
There are several general strategies that are key to the success of this main goal: 
• Involve the community in each phase of the management process 
• Identify and understand the likely effects of management actions on the lake ecosystem 
prior to implementation 
• Select management methods that are environmentally sensitive and cost effective 
• Reduce overall costs by utilizing volunteer labor when possible and seek grant fund from 
various sources 
• Monitor the results of any management actions 
• Review the effectiveness of any management actions 
• Adjust the management strategy as necessary to achieve the overall goal and to reflect 
any knowledge gained from the results of past management activities 
 
There are also several specific goals for the lake: 
• Increase the recreational and aesthetic enjoyment of the lake by reducing the cover of 
fanwort and watershield 
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• Improve fish and wildlife habitat by decreasing the density and abundance of fanwort in 
the lake 
• Increase and maintain watercraft mobility in the lake between the northern end and main 
part of the lake by reducing the cover of watershield and fanwort 
• Increase and maintain watercraft mobility to near shore areas with homes by decreasing 
the density and abundance of fanwort and watershield in those areas 
• Maintain the canal by keeping weed cover minimal 
• Limit the spread of Brazilian elodea from the north basin by controlling the current 
population 
 
Community Involvement 
Community Commitment 
Residents at Cullaby Lake have shown a commitment to restoring the lake and improving 
water quality. Residents in the housing development on the north end of the lake are organized 
into a homeowners association, called the Shoreline Estates Homeowners Association. This 
group has worked to create a local sewer treatment facility for the housing development on the 
north end of the lake to limit nutrient sources to the lake. The association meets regularly to 
discuss and solve problems with the lake and surrounding area. Their interest in the invasive 
aquatic weeds in Cullaby Lake has spanned over 10 years. They first contacted Mark Sytsma in 
1992 to assist them with managing fanwort and the lake. Residents became involved in the 
Citizen Lake Watch Program in 1989. This program trains residents to take monthly water 
quality measurements of their lake. Janette Goolsby, a member of the association, also collected 
and preserved aquatic plant samples from the lake in an effort to identify the problem plants. 
The homeowners have worked to regularly clean the canal that runs through the middle 
of the housing development. For the past five years they have paid to have debris and tree limbs 
cleaned out of the canal and held work parties for the past 15 plus years to work together to clear 
the canal of invasive aquatic weeds, branches and other debris. Many residents have worked to 
remove purple loosestrife and knotweed from around the lake, including the county parks. They 
also cooperate with the Clatsop County Water Control District to maintain the level of the lake 
for the benefit of all. 
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In 2001, the CLR collaborated with DEQ to obtain grant funding from the U.S. 
Environmental Protection Agency (EPA) to write IAVMP’s and study the water chemistry of 
Cullaby Lake and three other lakes in the Clatsop Plains. The project began in 2002 and residents 
have worked with CLR staff on this plan since that time, by providing information and attending 
community meetings. 
The residents are actively interested in the lake, and invited PSU staff to describe the 
Clatsop Plains Project and specifically discuss the aquatic weed issues in the lake at their annual 
homeowners association meeting in May 2003. Some residents attended two Skipanon 
Watershed Council meetings in February and May of 2003. An update on the project was 
provided to the Shoreline Homeowners Association for their May 2004 yearly meeting. This 
update provided detailed information about the available aquatic plant management strategies, 
along with recommended treatment strategies for the lake. Residents and other interested parties 
were invited to attend a final presentation at the Skipanon Watershed Council meeting in 2004. 
Copies of the final management plan, groundwater study, watershed characterization and water 
chemistry study were provided to the Shoreline Homeowners Association, residents of the lake 
and other interested parties. 
 
Steering Committee 
A steering committee was formed to assist in the development of the problem statement 
and management goals for the lake and review the management plan.  The steering committee 
included the following members: 
• Bruce Francis, President, Shoreline Estates Homeowners Assoc. 
• Janette Goolsby, Vice President, Shoreline Estates Homeowners Assoc. 
• Jim Scheller, Clatsop County Water Control District 
• Erin Harwood, Center for Lakes and Reservoirs, PSU 
The first steering committee meeting was held in September 2003 at a Shoreline 
Homeowners Association meeting. The steering committee and members of the homeowners 
association worked with Erin Harwood to draft a problem statement for the lake and begin to 
assess the management goals for the lake. 
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Watershed and Waterbody Characterization 
Introduction 
Cullaby Lake is a large lake, with an area of 207 acres and two miles in length. It is four 
miles north of Gearhart, and just to the east of Highway 101 (Figure 1). The lake lies in a broad 
indentation in a coastal bluff, bordered on the west by relict sand dunes and on the east by the 
hills of the Coast Range. It is different from the other lakes in the study in that it is dendritic or 
branching, with many small bays and inlets, mainly on the east side. This shape was formed 
during a rise in sea level, which drowned the mouth of a coastal stream. The lake originally 
drained through Neacoxie Creek, which flowed north into Sunset Lake. The outlet of the lake 
was moved in the late 1800’s and now flows into the Skipanon River, which enters the Columbia 
River through Young’s Bay. Several small streams feed the lake; the largest of which is Cullaby 
Creek, which drains a large bog and wetland area to the south. 
Cullaby Lake is the only lake within the area that allows water skiing, and it is popular 
for personal watercraft such as jet skis also. Fishing and swimming are also popular recreational 
uses of the lake. Two parks on the lake provide boat access, Carnahan County Park on the north 
end and Cullaby County Park near the middle basin. Cullaby County Park is the larger of the 
two, with restrooms, a swimming area, playground, picnic tables and an excellent boat ramp and 
docks. 
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Figure 1. Study area including Cullaby Lake. 
 
Cullaby Lake Watershed 
The watershed surrounding Cullaby Lake is mainly forested, with only a small developed 
residential area on the northwest shore. The Cullaby Lake watershed has a low population 
density with only 83 people per square mile. These residents are present mainly in a development 
on the canal on the northwest shore of the lake. Unlike many of the homes on the other lakes in 
the study, these residents utilize a private sewer system for waste disposal, reducing nutrient 
inputs into the lake. The remainder of the watershed is comprised of evergreen forest, small areas 
of deciduous forest, mixed conifer and deciduous forest and scrub/shrub vegetation. Private 
timber companies own most of the forested slopes on the east side of the lake, and have logged 
extensively in the past (Johnson et al, 1985). CLR staff have observed recent logging in 2003 
during sampling on the lake (Harwood, personal observation). More than 20 percent of the 
watershed is wetlands, comprised mainly of forested and scrub/shrub palustrine wetlands. A 
cranberry farm is located just southwest of the lake, along Cullaby Creek. In addition, several 
small horse farms and a nursery are also located to the west of the lake. 
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Water Quality 
Water quality of Cullaby Lake was characterized during seven sampling events at two 
sampling sites in 2003. Data collected included temperature, oxygen, water clarity, ions, pH, 
conductivity, nutrients, and algae. Cullaby Lake has unique water quality, mainly due to the dark 
brown color of the lake water. The large watershed with extensive wetlands contributed to high 
dissolved organic carbon concentrations, which limited light availability within the water column 
and limit phytoplankton and aquatic plant growth. Basin morphometry also impacted water 
quality.  The two distinct basins have different impacts.  The larger middle basin of the lake is 
shallow and wind exposed, creating conditions in which thermal stratification is only possible 
during prolonged periods of calm winds.  The north basin is also shallow, but is more protected 
from the wind.  This allows slightly more stable stratification to occur.  The result of the 
different stratification regimes is that oxygen levels were not depleted at the mid-lake sampling 
site while oxygen levels were depleted to near anoxia at 2.5 meters deep at the north basin site 
late in the summer. 
The pH in Cullaby Lake is slightly acidic (less than 7.0), due to the high concentration of 
dissolved organic acids (Petersen, 1994). Phosphorus concentrations and Secchi disc depths are 
consistent with a eutrophic1 lake while chlorophyll levels imply a meso2- to eutrophic lake.  This 
discrepancy is likely due to limitation of phytoplankton biomass by light availability or because 
the phosphorus is bound to humic materials and is not available for uptake by phytoplankton. 
Detailed discussion of the water quality of Cullaby Lake can be found in the Watershed 
Characterization chapter of the Clatsop Lakes Vegetation and Water Quality Management 
(Sytsma and Petersen, 2004). 
 
Fish and Wildlife 
Cullaby Lake provides vital habitat to many species of fish and wildlife. Important 
species are anadromous fish, particularly steelhead, coastal cutthroat trout and coho (Knutsen, 
2003; Long, 2003; Laws, 2004). Other salmonid species may utilize the lake on occasion, due its 
connection to the Columbia River via the Skipanon River. Salmon may also come from a 
hatchery on the Skipanon River run by students at nearby Warrenton High School. Due to its 
connection to the Skipanon, other species may utilize the lake, such as Pacific sand dab 
                                                 
1 Eutrophic: high concentration of nutrients supporting high biological activity (Kalff, 2002) 
2 Mesotrophic: intermediate or moderate concentration of nutrients 
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(Citharichthys sordidus) and Starry flounder (Platichthys stellatus). However, there has been no 
record of either of these fish species being caught in the lake and there is only a very remote 
chance they would end up in the lake (Laws, 2004). Other fish species include bluegill, yellow 
perch, white and black crappie, largemouth bass and brown bullhead (ODFW, 2003). Oregon 
Department of Fish and Wildlife (ODFW) also regularly stock rainbow trout in the lake (ODFW, 
2003b). 
Bald eagle nests are located in close proximity to the lake (Knutsen, 2003), and adults 
commonly fly over the lake (Harwood, personal observations). Band-tailed pigeons nest and 
forage in the watershed and the lakes may provide some amount of foraging for peregrine 
falcons (Knutsen, 2003). Residents have also noted the presence of river otters, beavers, 
Canadian geese and diving ducks (Goolsby, 2003). Deer and elk are also frequently spotted 
along the shore of the lake. 
 
Beneficial Uses 
Water recreation, such as swimming, water skiing and boating are currently the main 
beneficial uses of the lake (Figure 2). Boating is common throughout the year, but is most 
prevalent during the spring and summer months, along with water skiing. Fishing is also a 
popular beneficial use, particularly in the small quiet bays and inlets on the east side of lake. 
Cullaby Lake County Park receives high use throughout the summer, particularly for swimming 
and picnicking. The Lindgren cabin, designated as a Finnish-American heritage site, is located 
one the west side of the parking lot in the park. Carnahan County Park is a popular spot for 
fishing and boating. Aesthetics and water quality play a large role in all of these uses, 
particularly aesthetics. Cullaby Lake has been designated as Essential Salmon Habitat by Oregon 
Division of State Lands, and provides key habitat to runs of coastal cutthroat trout, steelhead and 
coho (Figure 2). The lake is also important for other wildlife, including birds such as bald eagles, 
great blue herons and many species of ducks and deer and elk. 
As mentioned previously, there are several agricultural use areas around the lake. 
Cranberry farms are located in the southwest part of the watershed, as well as several small horse 
farms and a nursery on the west side. Forestry is an important use east of the lake, in the low 
foothills of the Coast Range (Figure 2). 
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Special Uses 
Cullaby Lake also has several unique and special uses. The local fire dept uses water 
from lake to fill their fire trucks, and a local kayak group comes on regular basis to practice and 
train new boaters. Once a year around the middle of June, boat races occur at the lake, sponsored 
by a local boating association. A Boy Scout camp is located just north of Carnahan County Park 
and is used for camping. 
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Figure 2. Beneficial use areas for Cullaby Lake and the surrounding watershed. 
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Aquatic Plant Characterization 
Methods 
The aquatic plant community in Cullaby Lake was surveyed on June 13 and 17 and 
August 19, 2003, using an adaptive sampling protocol described in detail in Clatsop Lakes 
Vegetation and Water Quality Management (Sytsma and Petersen. 2004). For each sampling 
date, a unique set of 170 randomly selected GPS locations were surveyed. To maximize 
sampling efficiency and based on the lack of plants found at depths greater than 2.9 meters in 
June, sample locations for August were located equal to or less than 3.0 meters. CLR staff used a 
small boat to access the lake and a plant rake tethered to a rope was used to obtain plant samples 
at each location. Plants in the samples were identified to species and estimates of abundance 
made for each species using a 1 to 5 scale according to the rake coverage methods described in 
Deppe and Lathrop (1992). The abundance value was assigned based on the extent of coverage 
on the rake head. A species that covered 1 to 20 percent of the rake head was assigned an 
abundance value of 1, 2 for 21 to 40 percent, 3 for 41 to 60 percent; 4 for 61 to 80 percent and 5 
for 81 to 100 percent coverage. 
For those species that could not be identified in the field, specimens were collected and 
brought back to the lab for further examination. Voucher specimens of each species found were 
collected and deposited into the herbarium at PSU. Identification was based on keys from 
Washington Department of Ecology (WDOE) (2001), Cooke (2003), Hitchcock and Cronquist 
(1991), Crow and Hellquist (2000), and Guard and Steen (1996). 
 
Results and Discussion 
Plant survey data were mapped using GIS software. Random site selection and adaptive 
sampling protocol allowed presence/absence data to be used to provide estimates of percent 
cover (Madsen, 1999), calculation of confidence limits on percent cover estimates and permitted 
statistical comparison of species cover within and among lakes. 
Four non-native plant species were found in the lake, fanwort, Brazilian elodea, fragrant 
waterlily (Nymphaea odorata), and parrotfeather. Of these, fanwort was the most frequent and 
abundant, covering between 44 and 54 percent of Cullaby Lake during the spring and summer 
months (Table 1 and Table 2). One native species, watershield, was also present at high percent 
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cover. The remaining species found were native and present at low frequency and abundance 
(Table 1 and Table 2). 
Fanwort was the most abundant plant species in both June and August (Table 1 and Table 
2). The abundance between the two sampling events increased, with more points having an 
abundance count of five in August than June. This increase occurred primarily in the narrow 
neck between the northern basin and the main part of the lake (Figure 3). The mouth of the canal 
and the nearby surrounding area consistently had a high abundance of fanwort in both June and 
August (Figure 3). 
Brazilian elodea was present exclusively in the north basin of the lake, at one to two 
percent cover in June and August (Table 1 and Table 2). It was found at only one point in June at 
an abundance of one, but at three sites in August, with abundance values from two to five. 
Residents of the lake have provided anecdotal evidence that Brazilian elodea has been in the lake 
for more than ten years and has remained in the north basin with limited spread over that time. 
Fragrant waterlily was found at only three sites in the lake in June and two sites in 
August (Table 1 and Table 2), with abundance values not exceeding two. The fourth invasive 
plant species, parrotfeather, was found in the canal on the north end of the lake and at the 
southern end, at the mouth of Cullaby Creek. It was found only in June at two sites (Table 1) and 
although not found at any sites in August, it was observed in the lake between sampling points 
and in the canal (Table 2). 
Watershield, a native species, increased in percent cover in the same area as fanwort, in 
the narrow neck between the northern basin and the main part of the lake (Figure 4). Abundance 
between the two sampling events increased, with more points having abundance values of three 
and four in August than in June (Figure 4). The increase in percent cover and abundance in 
watershield and fanwort lead to a decrease in boating access and mobility from Carnahan County 
Park and the canal to the main part of the lake. This plant was not found in any other lakes in the 
study. 
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Table 1. Percent cover, 95% confidence limits (CL) and depth distribution in meters (m) of plant species in 
Cullaby Lake on June 13 and 17, 2003. 
Common Name Scientific Name Percent Cover Lower CL Upper CL Depth Distribution (m)
Fanworta Cabomba caroliniana 44% 36% 51% 0 - 2.9 
Watershield Brasenia schreberi 25% 19% 33% 0 - 2.9 
Coontail Ceratophyllum demersum 18% 12% 24% 0 -2.9 
Nuttall’s waterweed Elodea nuttallii 7% 4% 12% 0.3 - 2.9 
Common bladderwort Utricularia vulgaris 6% 3% 11% 0 - 1.3 
Flat-stem pondweed Potamogeton zosteraformis 4% 1% 8% 0.2 - 1.3 
Lesser duckweed Lemna minor 2% 1% 6% 0.2 - 0.9 
Fragrant waterlilya Nymphaea odorata 2% 0% 5% 0 - 0.8 
Thin-leaved pondweeds Potamogeton spp.b 2% 0% 5% 0 - 1.0 
Brazilian elodeaa Egeria densa 1% 0% 3% 0.9 
Giant duckweed Spriodela polyrrhiza 1% 0% 3% 0.5 
Parrotfeather milfoila Myriophyllum aquaticum 1% 0% 4% 0 - 0.8 
Autumnal starwort Callitriche hermaphroditica 1% 0% 3% 0.9 
Rush Juncus spp. c      
 
Table 2. Percent cover, 95% confidence limits (CL) and depth distribution of plant species in Cullaby Lake 
on August 19, 2003. 
Common Name Scientific Name Percent Cover Lower CL Upper CL Depth Distribution (m)
Fanworta Cabomba caroliniana 54% 47% 61% 0.0 - 2.1 
Watershield Brasenia schreberi 32% 25% 39% 0.0 - 1.9 
Coontail Ceratophyllum demersum 19% 13% 25% 0.1 - 1.7 
Common bladderwort Utricularia vulgaris 11% 6% 16% 0.0 - 1.9 
Nuttall’s waterweed Elodea nuttallii 8% 4% 12% 0.0 - 1.4 
Giant duckweed Spriodela polyrrhiza 6% 2% 10% 0.3 - 1.4 
Lesser duckweed Lemna minor 5% 2% 8% 0.3 - 1.4 
Brazilian elodeaa Egeria densa 2% 0% 4% 0.4 - 1.7 
Flat-stem pondweed Potamogeton zosteraformis 1% 0% 3% 1.2 
Fragrant waterlilya Nymphaea odorata 1% 0% 3% 0.2 
Pondweeds Juncus spp. 1% 0% 3% 0.2 
Yellow pond lily Nuphar polysepala 1% 0% 3% 0.7 
Whorled milfoil Myriophyllum verticillatum 1% 0% 3% 0.0 
Narrow leaf bur-reed Sparganium angustifolium c     
Ribbonleaf pondweed Potamogeton epihydrus c     
Thin-leaved pondweeds Potamogeton spp. b,c     
Parrotfeather milfoila Myriophyllum aquaticum c     
Mexican waterfern Azolla mexicana c     
a indicates a non-native species 
b mix of P. pusillus, Stuckenia filiformis and S. pectinata 
c This species was sighted by was not present at any of the sampling locations 
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Figure 3. Fanwort (Cabomba caroliniana) distribution and abundance in Cullaby Lake in 2003. The X’s 
represent sampling sites where the plant was absent. Points represent sites where the species was found, and 
point size corresponds to the abundance value of the species at that site. 
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Figure 4. Watershield (Brasenia schreberi) distribution and abundance in Cullaby Lake in 2003.  The X’s 
represent sampling sites where the plant was absent. Points represent sites where the species was found, and 
point size corresponds to the abundance value of the species at that site. 
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Only a few random sampling sites were located in the canal. Due to its importance to 
landowners, a qualitative survey of the canal was made. There were only two sampling sites in 
the canal in June and three in August, with only a low abundance of fanwort found in August. 
Parrotfeather was observed along the shore, in sparse patches, with plants emerging out of the 
water and growing onto rocks along the shore. Fanwort was also observed in the canal along the 
canal shoreline, and two to three small patches of watershield (five individual plants or less). No 
plants were observed in the middle of the canal or found when the rake was tossed. The water 
was turbid and cloudy, most likely limiting light for plant growth. 
One emergent invasive aquatic plant species was spotted in patches of high abundance 
along the lakeshore, purple loosestrife. Patches were located below the picnic area in Carnahan 
County Park; and by late summer the flower stalks had been removed as a control method. 
Purple loosestrife was predominately on the west side of the lake, in areas where human access is 
limited, south of Cullaby Lake County Park. This species can displace native plants along the 
margins of lakes and provides minimal wildlife habitat (WDOE, 2003). Purple loosestrife 
converts open water habitat to marsh by increasing sedimentation around its roots. 
The plant species in Cullaby Lake showed definite seasonality, as there was one species 
found in June but not in August: Autumnal water-starwort (Callitriche hermaphroditica). There 
were four species found in August but not in June, Yellow pond lily (Nuphar polysepala), 
Ribbonleaf pondweed (Potamogeton epihydrus), Narrow leaf bur-reed (Sparganium 
angustifolium) and Mexican waterfern (Azolla mexicana). In addition, the total number of 
species found in the lake during sampling increased between June and August (Figure 5). The 
maximum number of species found at any one site was 7 for both June and August. The number 
of sites that did not have plants was roughly half for both sampling events, with 54 percent in 
June and 43 percent in August (Figure 5). Seasonality in aquatic plant populations should be 
considered when aquatic plant surveys are conducted in these lakes. Accurate characterization of 
the aquatic plant community requires early and late season sampling to capture the changes in 
plant populations within and between lakes. 
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Figure 5. Species richness as measured by number of species at each location in 2003. The X’s represent 
sampling sites where plants were absent.  
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Plant species location data were combined with 2003 bathymetric data collected by CLR 
staff (Sytsma and Petersen, 2004), to obtain depth ranges for each species. Depth ranges for each 
species were estimated based on a 3-meter circle surrounding each sampling site to account fore 
any imprecision in sampling. The minimum, maximum and mean depth of that area were 
calculated and the minimum mean depth and maximum mean depth where a species was found 
at the sites sampled provided the depth range. 
The maximum depth of plant colonization in Cullaby Lake was 2.9 meters in June and 
2.1 meters in August (Figure 6). The deepest site sampled for aquatic plants was 3.6 meters in 
June and 2.2 meters in August. The difference between this depth in June and August was due to 
the lack of plants in June at a depth greater than 2.9 meters. To increase sampling efficiency, 
plant sampling in August was limited to depths equal to or less than 3.0 meters. Species richness 
decreased markedly at a depth of 1.5 meters. This is approximately the one percent light level for 
Cullaby Lake (Sytsma and Petersen, 2004). Beyond 1.5 meters light is limited enough that few 
plants are able to grow. 
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Figure 6. Cullaby Lake mean species richness over mean depth gradient in meters, sampled in 2003. 
 
Fact sheets describing some of the plants found in the lake can be found in Appendix A-
1. A species list of plants sampled and their GPS locations is included in Appendix A-2. 
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Considerations in Managing Aquatic Plants 
Aquatic plants play an important role in the physical, chemical and biological functions 
of shallow lakes. Physical functions, such as wind driven mixing of the water column can be 
altered by the structure of aquatic plant beds. Wind driven mixing can resuspend sediments. 
Thick weed beds can severely limit wind driven mixing of the water column leading to an 
increased rate of sedimentation. Dissolved oxygen concentration can be altered as plants produce 
oxygen during photosynthesis and use it during nighttime respiration. Aquatic plants also 
provide food for invertebrates and birds and refuge for smaller animals from predation. Lakes 
with aquatic vegetation usually have a more diverse biotic community than lakes without 
vegetation (Scheffer, 1998). This may not be true in lakes where invasive aquatic plants 
dominate. Invasive aquatic plants crowd out native vegetation, creating monoculture stands and 
reducing biotic diversity. 
The introduction of non-native, invasive, aquatic plants can have significant negative 
effects on a lake ecosystem. Invasive, aquatic vegetation often creates monoculture stands with 
dense surface canopies (AERF, 2003). These thick canopies make foraging difficult because they 
present a visual barrier to fish predators. This favors smaller sized fish that can hide in the 
weeds, and may lead to a decline in large predatory fish such as largemouth bass. The thick beds 
of invasive plant species can also affect the physical and chemical conditions of a lake. 
Decreased water mixing can lead to increased surface water temperature. Warmer water contains 
lower concentrations of dissolved oxygen (Frodge et al, 1990). Although photosynthesis results 
in the production of dissolved oxygen, nighttime respiration by plants consumes dissolved 
oxygen and may lead to oxygen depletion beneath the canopy and kill fish (Frodge et al, 1995). 
Some plants are more efficient than native plants at extracting the inorganic carbon required for 
photosynthesis. As carbon dioxide and bicarbonate are removed from the water via plant uptake, 
the dominant carbon species becomes carbonate. The increasing concentration of carbonate, a 
base, results in an elevation of pH. 
Both introduced and native aquatic plants can become abundant and problematic, 
significantly altering the lake ecosystem and limiting human beneficial uses of the lake. 
However, the management and control of the plants requires careful consideration of the 
potential impacts on fish, wildlife and the plant community. As described above, aquatic plants 
play an important role in the lake by limiting turbidity through decreased sediment resuspension 
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(James and Barko, 1990). Clear water conditions with low turbidity favor plant growth, through 
a maximization of light availability. Shallow lakes, like Cullaby, can exist in two alternative 
stable states: a relatively clear water, plant dominated state or an algae dominated, turbid state 
(Scheffer, 1993; Scheffer 1998; Scheffer and Jeppesen, 1998). Removal of a large amount of 
vegetation can lead to increased algae abundance, increased frequency of algae blooms and 
decreased water quality. Algae populations can become abundant enough that turbidity increases 
and limits plant growth. 
Nutrients can come from two sources: allochthonous sources from the watershed or 
autochthonous sources from within the lake. Allochthonous nutrients can include phosphorus and 
nitrogen from groundwater or surface water. These sources of water to the lake may be high in 
nutrients such as phosphorus and nitrogen from septic tanks, logging, agriculture or residential 
runoff. Nutrients stored within the sediments can be released when lake sediments are exposed 
causing an increase of internal or autochthonous nutrients in the lake. Perturbation of the 
sediments is particularly an issue in shallow coastal lakes like Cullaby Lake, where winds are 
frequent and sediments are close to the waters surface. This internal nutrient loading, when 
combined with the allochthonous nutrient sources, can move the steady state to a point where the 
turbidity level cannot be naturally restored to a value that would allow for macrophyte growth 
(Scheffer, 1998). 
Managing the invasive aquatic plants in Cullaby Lake will require careful consideration 
of these alternative stable states. The goal of aquatic plant management should not be to remove 
all of the vegetation. Instead management should seek to control the invasive problem species 
while enhancing and maintaining the native plant community and limiting the impacts to water 
quality and fish and wildlife. 
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Description of Aquatic Weed Control Methods 
There are many different mechanical, physical, biological, and chemical methods 
available for managing emergent, floating and submersed aquatic plants. An integrated approach 
to aquatic plant management requires considers the abundance and distribution of the plants 
present, management goals, site specific characteristics, legal and economic constraints, and 
possible impacts of management activities when evaluating the potential methods for aquatic 
weed control. Permits are required for implementation of many aquatic plant management 
techniques and may constrain application of these methods - particularly dredging and 
herbicides. Consultation between the permitting agencies and other agencies may also be 
required due to the presence of threatened or endangered species in or around the lake. A 
description of the various mechanical, physical, biological, and chemical control alternatives for 
aquatic weeds, the advantages and disadvantages of each method and a detailed description of 
the required permits, associated consultations and involved agencies is provided. Vendor and 
contractor information for the various weed control methods is available in Appendix A-3. 
 
Mechanical Control Methods 
Mechanical control methods utilize equipment to directly act on the plants and control 
them. Mechanical techniques have been utilized for many years to control nuisance aquatic 
vegetation. These methods include hand removal, harvesting, cutting, rotovation, and diver-
operated suction harvesting. 
 
Hand Removal 
Summary 
Hand removal is the most common method of weed removal. It involves using cutters, 
rakes, or bare hands to remove plants. It must be done regularly beginning in early spring when 
growth is first noticed. This labor-intensive technique works best on small infestations or for 
small areas such as around docks. Hand removal creates fragments, which should be removed 
from the water and disposed of away from the shoreline to prevent recolonization and to 
maintain aesthetics. Fragments can be removed with nets or with hand picking (WDOE, 2003). 
These methods can be advantageous for landowners to use in small areas around their homes to 
control aquatic weeds. They can also be used in areas where other management methods are not 
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effective, such as areas where large mechanical harvesters cannot go or after a herbicide 
treatment. Hand pulling, raking and cutting are all methods that can be utilized to remove aquatic 
weeds. 
 
Hand Pulling 
Hand pulling involves using bare hands to remove the entire plant.  A spade, trowel or 
long knife can be used to aid in uprooting the plant.  Hand pulling is species specific and allows 
the removal of unwanted species while leaving native species. It works best in soft sediments, so 
that the entire plant can be easily removed. Divers can hand pull unwanted plants in deeper water 
(WDOE, 2003). Pulling can create turbidity, which makes it difficult to see the remaining plants. 
 
Hand Raking 
Raking involves tearing the plants from the sediment with a rake. It is not a species 
specific method, unless the weed bed is a mono-specific stand (AERF, 2003) and it does not 
always remove plant roots. A regular garden or thatch rake, which can be purchased at any local 
hardware store, works well. A rope can also be attached to the cut off handle, allowing removal 
over a greater area and in deeper water. Raking can stir up sediments and create some turbidity. 
 
Hand Cutting 
With hand cutting, the plant shoots are cut below the water's surface, however none of the 
roots are removed. A non-mechanical cutter is available from several sources. Two single-sided 
blades form a “V” and are connected to a handle with a rope. The cutter can be thrown from the 
shore, dock, or other floating structure. As the cutter is pulled through the water, it cuts a 48-inch 
wide swath (WDOE, 2003). This method is not species specific. Some residents have found that 
regular cutting of emerging leaves of waterlilies over two to three season led to the elimination 
of these plants from their waterfront lots (WDOE, 2003), however, this has not been documented 
in aquatic plant management literature. 
 
 
 
 
 
Advantages 
• Easy and convenient for small areas, such as in front of houses, around docks and 
swimming areas 
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• Equipment is generally inexpensive 
• Hand pulling is species specific, can remove only unwanted species 
• Hand pulling removes roots, reducing recolonization 
• Regular hand cutting over several seasons may lead to elimination of the plant from the 
area 
 
Disadvantages 
• Needs to be repeated regularly 
• Creates fragments, which need to be collected 
• Too labor intensive for large areas 
• Pulling and raking can create turbidity, making it more difficult to see remaining plants 
• Cutting tools can be extremely sharp and dangerous if not handled properly 
• May be unsafe in areas of steep slopes, deep holes, and other areas 
• Not suitable for water deeper than four to six feet 
• Cutting and raking do not remove roots, allowing recolonization 
• Removing plants may result in greater shoreline erosion, as there are no plants or roots to 
stabilize sediment and dampen wave action 
• Hand pulling and raking are difficult with plants having tough stems, large rhizomes, or 
extensive root systems, such as fragrant waterlilies or watershield 
 
Costs 
Hand pulling: A homemade rake with rope can cost as little as $50 (using a thatching 
rake), while commercial rakes made specifically for use with aquatic weeds can run from $85 to 
$170. Manual cutters range from $120 to $180. 
 
 
 
Other Considerations 
Residents should be careful when removing aquatic weeds by any of these methods, and 
watch out for steep slopes, underwater obstructions, and other potentially dangerous structures. 
Near shore areas with deep organic material could make these methods difficult on foot. 
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Harvesting 
Summary 
Harvesting uses large machines to cut and collect aquatic plants. Depending on the 
machine, harvesters can cut five to ten feet below the waters surface, and six to twenty feet wide. 
The cut plants are removed from the water by a conveyor system and stored on the harvester or a 
barge following the harvester, until they can be disposed of on shore (WDOE, 2003). Suitable 
offloading and disposal sites are required. Harvesting creates fragments and any fragments that 
escape collection can lead to expansion of the weed within the waterbody. 
Harvesting can target specific areas in a lake, creating boat channels for example, while 
leaving other areas untreated. In removing the plants from the water column, the nutrients stored 
within the plants are also removed. Since harvesting only removes the upper portion of the plant, 
some plant material remains for fish and other organisms (AERF, 2003). The large size of the 
harvester does limit access to shallow areas or around structures such as docks. Bottom 
obstructions such as logs or stumps may make harvesting difficult. Shallow lakes, three to five 
feet, with loose organic sediment are not suitable for harvesting. 
Plant material is generally more than 90 percent water (Madsen, 2000) and can be 
disposed of in landfills or used as mulch or compost after it has dried (WDOE, 2003). Disposal 
costs can be significantly reduced if plant material is allowed to dry prior to disposal. 
Most harvesters can cut and collect several acres per day, depending on plant type, plant 
density and the storage capacity of the equipment. Speeds typically range from 0.5 to 1.5 acres 
per hour (WDOE, 2003). Harvesting needs to be done several times during the growing season. 
Harvesting in the fall can reduce the amount of plant material that will settle on the lake bottom, 
thus reducing the amount of organic material that builds up (WDOE, 2003). ). Long term 
efficacy of harvesting is unknown. Studies in the Midwest have shown that cutting at least three 
times a year may reduce growth the following year (Madsen et al, 1988; Nichols and Cottam, 
1972). While another study found no reduction in plant growth the following year after 
harvesting three times the previous year in the Pacific Northwest (Perkins and Sytsma, 1987). 
Harvesters collect small fish, invertebrates, amphibians and even turtles, along with the 
plants (WDOE, 2003). The operators of some harvesting machines will watch for fish, turtles, 
amphibians and other organisms that are collected with the plants, and return them to the water 
(WDOE, 2003). Adult game fish, such as large mouth bass and bluegill, have been removed 
during harvesting operations. However impacts on the fish population have usually been small 
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(Engel, 1990). In Saratoga Lake, New York, the harvesting operation removed approximately 2-
8 percent of the total standing crop of juvenile fish. 
 
Advantages 
• Immediately opens areas for boating and fishing 
• Removes plants and stored nutrients from water column 
• Can target specific areas for treatment 
• Removes only upper portion of plant leaving some vegetation for fish habitat 
• May reduce growth the following year 
• Harvesting in fall can decrease amount of plant material that will settle on lake bottom 
 
Disadvantages 
• Creates plant fragments and if not all are collected plants could spread to new areas in the 
lake 
• Not species specific 
• Fish, invertebrates, and other organisms may also be collected 
• Short term control; plant regrowth requires regular cutting 
• Disposal costs can be significant for wet material 
• Requires suitable off-loading and disposal sites  
• May not be feasible in shallow areas or around docks 
• Not suitable for lakes with bottom obstructions (logs, stumps etc) or very shallow lakes 
(3-5 feet) with loose organic sediment 
 
Costs 
Cost estimates for harvesting in individual lakes are determined on a case by case basis 
based on a site visit by the contractor. Costs depend on frequency and location of unloading sites, 
as well as the type and size of the boat ramp and other access issues. Generally, harvesting costs 
range from $1,800 to $2,000 per acre. The City of Tigard has regularly contracted for mechanical 
harvesting to keep Summerlake clear of aquatic macrophytes. The cost for harvesting in June 
2002 was $7,500 for approximately 4 acres and yielded approximately 60 yds3 of biomass. 
Harvested biomass was disposed of through a yard debris recycler at additional cost to the city 
(Martin, 2003). 
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Cutting 
Summary 
Cutting uses a machine to cut aquatic plants below the water’s surface, however the plant 
fragments are not collected as they are in harvesting. The fragments that are generated by cutting 
should be removed from the water column for aesthetic and ecological reasons. The 
decomposing fragments will create unpleasant odors. Decomposition of plants requires oxygen; 
therefore the decomposing fragments may lead to a decrease of dissolved oxygen within the area. 
The fragments may also contribute to the spread of invasive plants that only represent a small 
part of the plant community. 
There are several different types of cutters available; these include portable units and 
boat-mounted units appropriate for small scale control and specialized barge-like machines, 
which are appropriate for large scale control. 
Portable units cut a four-foot wide path underwater. One unit that is commercially 
available rides on two skis that slide along the lake bottom while the blades cut the plants. The 
unit comes with a rechargeable battery and is best utilized in shallow water with few bottom 
obstructions. Boat-mounted units can be attached on either small or large boat. It can cut a four-
foot wide swath to a depth of three feet (up to seven feet wide with extenders). Up to one acre of 
plants per hour can be cleared, depending on the machine and the type and density of plants 
(DOE, 2003).  Some manufacturers recommend a more powerful unit for cutting robust plants 
such as fragrant waterlilies, bulrush, or cattails. Specialized barge units are barge or small 
pontoon type boats with cutting blades installed. Some can cut in water as shallow as 10 inches 
and as deep as five feet with a width of 10 feet. Depending on the plant species and density, 
these units have been observed to cut about 12 acres per day (DOE, 2003). 
 
Advantages 
• Creates open areas of water 
• Can work in shallow areas, around docks or other structures which large harvesters may 
not be able to access 
• Prices lower than some other machines, such as harvesting machines 
• Habitat for fish and other organisms retained if plants are not cut too short (AERF, 2003) 
• Faster than harvesting or rotovation 
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Disadvantages 
• Plants regrow, so that cutting must be done regularly 
• Not species specific 
• Some species are difficult to cut such as cattails, yellow iris, or fragrant waterlilies 
• Creates fragments, which may drift on shore and decompose, creating unsightly and 
smell piles in near shore areas 
 
Costs 
A portable battery powered cutter including two batteries and a charger costs around 
$2,000. Boat mounted units are between $1,500 and $1,800, with extenders costing between 
$160 and $190. Specialized barge cutters cost approximately $10,000. 
 
Other Considerations 
Lake associations or groups of landowners may want to invest in a cutter and share 
responsibilities and costs to make plant management more economical. Plant fragments can be 
easily removed with a rake or a net and disposed of upland. 
 
Rotovation 
Summary 
A rotovator uses blades, like a rototiller, to till seven to nine inches into the sediment to 
dislodge and remove plants and roots. The plant fragments that are created in this process can be 
removed from the water by using a rake attachment or by manual collection. Successive 
treatments may lead to decreased density of the unwanted plant (WDOE, 2003; Gibbons and 
Gibbons, 1988). This method is not species specific. Because it disturbs the sediment, it creates 
turbidity and may negatively impact benthic organisms and spawning areas. 
Rotovation is used mainly in the winter and spring to control Eurasian watermilfoil 
(Myriophyllum spicatum). It has also been successfully used to remove the rhizomes of fragrant 
waterlilies in Washington (WDOE, 2003), although there is no information regarding the 
duration of control. The use of rotovators on small test plots of Eurasian watermilfoil in the Pend 
Oreille River appeared to stimulate the growth of native aquatic plants (Gibbons and Gibbons, 
1988). 
Rotovation works best if plants have not reached their mature length; longer stems wrap 
around the spinning blades and may damage the equipment (AERF, 2003). Hence, plants may 
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have to be cut prior to rotovation. In addition, obstacles on the bottom such as logs and large 
rocks need to be moved prior to rotovation. Underwater utilities, such as gas, water, sewer, 
telephone or water intake pipes, will have to be located before rotovation begins. 
Control often lasts more than one season. In the Pend Oreille River in Washington for 
example, Eurasian watermilfoil growth was effectively controlled for two years (Gibbons and 
Gibbons, 1988). Mobilization costs are a significant portion of the total cost; therefore the 
greatest cost-benefit can be achieved from treating a larger area. 
 
Advantages 
• Control can last more than one growing season 
• Removes roots and other structures in the sediment 
• Plant density generally decreases with subsequent treatments  
• Can encourage growth of native plants 
 
Disadvantages 
• Disturbs the sediment, creates turbidity 
• Not species selective 
• Can lead to release of nutrients or other substances from the sediment 
• Adverse impact on benthic organisms 
• May impact fish spawning areas 
• Can be difficult to maneuver around docks and other structures, depending on machine 
size and type 
• Creates fragments 
• Removal of obstructions prior to start up is labor intensive 
 
Costs 
Holdren et al (2001) give ranges from $2,000 per acre for softer, submersed vegetation to 
as much as $10,000 per acre for tougher, emergent plants and root masses. A local company 
requires a site visit prior to rotovation and costs are site specific. 
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Diver-operated Suction Harvesting 
Summary 
Diver-operated suction harvesting uses a small dredge to selectively remove plants and 
their roots. A good operator can remove only the target plants, while leaving native species 
untouched. It is often referred to as diver dredging, however, harvesting is a more appropriate 
name because sediments are not removed from the system. Sediments may be resuspended 
during the operation, but the use of a sediment curtain can mitigate these effects (Madsen, 2000). 
Experienced divers can remove selected target plants with little disturbance of the sediment. 
Diver operated suction harvesting technique is most effective in softer sediments that 
allow easy removal of the entire plant, although turbidity is increased with softer sediments. It is 
generally less effective on plant species producing seeds, turions or tubers which will remain in 
the sediment to sprout the next growing season (WDOE, 2003). It is not effective for plants with 
extensive roots and massive rhizomes such as fragrant waterlilies Divers may create fragments as 
they move through established plant stands. These fragments can contribute to new infestations, 
however personnel on the surface can capture these fragments. 
This technique is very slow, about 100 m2 per diver per day (Eichler et al, 1993) and 
works best when weeds are in the early stage of infestation (AERF, 2003). It is not generally 
practical or economically feasible on a whole-lake scale. It is not appropriate for large scale, 
high-density infestations. Diver operated suction harvesting is better utilized for small scale 
infestations. It also works well in conjunction with other methods, such as after an herbicide 
treatment. In cases where the infestation has expanded to large portions of the littoral zone, other 
combinations of mechanical, chemical and biological strategies may be more cost effective 
(AEFR, 2003). Overall, diver-operated suction harvesting is efficient and regrowth is limited in 
small pioneering colonies or scattered clumps that are too large for hand removal (Madsen, 
2000). 
This method has been successfully used in other Oregon lakes, including Oswego Lake, 
where it is utilized to control small infestations of Brazilian elodea every year (Rosenkrantz, 
2004). Diver-operated suction harvesting was not successful in Lake Lytle, where it was used to 
remove Eurasian water milfoil. The area of infestation was too extensive to allow adequate 
control with this method (Shrestha and Sytsma, 2001). 
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Advantages 
• Can be very selective 
• Can remove plants around docks and in other difficult to reach areas 
• Can be used in situations where other methods, such as herbicides, are not an option 
• Regrowth is limited 
 
Disadvantages 
• Can stir up sediments and increase turbidity 
• Method is very slow 
• Difficult in hard sediments; roots or other structures may be left behind 
• Creates fragments 
 
 
Costs 
Costs depend on the size and depth of the target area and the density of the target plant 
species. Divers experienced in aquatic plant removal in the region charge a minimum of one to 
two dollars per square foot (Freedland, 2003) or $1800 per day (Aquatechnex, 2003), not 
including the cost of disposal. A preliminary dive would have to be done in order to obtain an 
accurate estimate of the time and costs involved. Depending on the density and types of plants 
and the sediment type, visibility etc. 
 
Physical Control Methods 
Although physical control methods may utilize large mechanical equipment, these 
methods differ from mechanical control methods in that the environment of the plant is directly 
manipulated. Physical control methods include benthic barriers, sediment agitation, water level 
drawdown and dredging. 
 
Benthic Barriers 
Summary 
Benthic barriers are a layer of material installed directly on the lake sediments. Regrowth 
of rooted aquatic plants is prevented by light limitation. Common materials include burlap, 
plastics, and woven synthetics such as geotextile fabric. An ideal benthic screen should be 
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durable, heavier than water, reduce or block light, allow easy installation and maintenance, 
prevent plants from growing into and under the material, and readily allow gases produced by the 
rotting weeds to escape without ballooning the material upwards. Even the most porous 
materials, such as window screen, may billow due to gas buildup, as they become clogged by 
sediment. 
It is very important to securely anchor the barrier to the bottom, as it can create a 
navigation hazard and danger to swimmers if unsecured. Natural materials such as rocks or 
sandbags are preferred as anchors (WDOE, 2003). Sediments should not be used, as new plants 
will establish on top of the added layer (Engel and Nichols, 1984). Sheet color is relatively 
unimportant; clear plastic can be effective, however, opaque materials that allow some 
movement of gases and water work best (Carter et al, 1994). 
Plants typically die underneath the barriers after one to two months (Engel, 1984). After 
the barriers are removed, plants from the seed bank will recolonize the areas within one to two 
months (Eichler et al, 1995; Engel, 1984). Barriers may be left in place for longer periods of 
time, however regular maintenance is needed to remove accumulated sediment, which will allow 
plants to colonize on top of the barrier (Madsen, 2000). 
The duration of weed control depends on the rate that weeds grow through or on top of 
the barrier, the rate that sediment accumulates on top of the barrier, and the durability of the 
material. Burlap may rot within two years. Plants can grow through window screening material 
and on top of the geotextile fabric. Regular maintenance, such as checking for gas bubbles and 
removing accumulated sediment, can extend the life of the barrier (WDOE, 2003). 
Installation is easier in the winter or early spring when there are few plants in the water 
column. In the summer, removing the weeds prior to installation is best. The less plant material 
that is present under the barrier, the less gas that will be produced (WDOE, 2003). Building the 
frame out of plastic pipe filled with sand may facilitate easier placement and limit the amount of 
anchor material required. 
Benthic barriers are effective and fairly cost effective for small areas (less than 1000 ft2), 
however, they are not suitable and too expensive for use over larger areas. They are best suited to 
small, high-intensity use areas such as docks, boat launches and swimming areas (Madsen, 
2000). 
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Benthic barriers impact bottom dwelling organisms as they cover sediments that provide 
habitat. Barriers covering spawning beds should be moved in the early spring and not replaced 
until spawning activity is over, usually sometime during the early summer (WDOE, 2003). 
Instructions for the installation of bottom barriers can be found at Washington Department of 
Ecology’s website at http://www.ecy.wa.gov/programs/wq/ plants/management/aqua021.html. 
 
Advantages 
• Creates immediate areas of open water 
• Easily installed around docks and in swimming areas 
• Can control up to 100 percent of plant growth if properly installed and maintained 
• Materials are readily available and can be installed by homeowners or divers 
 
Disadvantages 
• Impact benthic habitat by covering sediment and decreasing plant cover 
• Suitable only for local control because of costs and impacts 
• Need to be regularly inspected and maintained 
• Harvesters, fishing gear, anchors, and propeller backwash may damage barriers 
• Can impede boats and injure people if not properly secured 
• May be difficult to anchor into soft sediments 
• Interfere with bottom-dwelling organisms and fish spawning 
• Plants may colonize the top of the barrier 
• Gases form underneath the barrier, causing it to float up 
Costs 
Barrier materials vary in cost depending on type. Two Portland, Oregon companies sell 
geotextile type fabrics and prices for these fabrics vary from $.45 to $1.50 per square foot. 
Depending on frame material type (PVC pipe versus wood), fabric choice and desired barrier 
size, barriers range in cost from $1.50 per square foot to $2.50 per square foot, not including 
construction or installation. 
 
Sediment Agitation 
Summary 
Sediment agitation is an automatic plant control method that mechanically disturbs the 
lake bottom within a well-defined area to remove aquatic plants and prevent regrowth. The 
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machines sweep, roll, or drag repetitively over plants and the sediment. They must be attached to 
a post, dock or other structure. They require a source of electricity. There are three types of 
sediment agitation machines: weed rollers, lake sweepers and beach groomers. 
Weed rollers consist of a long metal cylinder or pipe that rolls on the bottom of the lake. 
It is driven by a low voltage motor and moves along an adjustable arc of up to 270 degrees. Fin 
like projections on the roller help dislodge plants and roots from the sediment. Lake sweepers 
have two long poles with lightweight rakes attached. A submersed pump powers the rotating 
arms, causing the rakes to sweep along the bottom removing plants.  It has a radius of about 24 
to 42 feet. The beach groomer consists of two seven-foot arms that are rotated by a pump. The 
arms have chains, which drag along the bottom and can clear a 14 foot area. 
Repetitive use of these machines can suppress the growth of plants and create and 
maintain open areas of water. Several of these machines are portable and can be shared between 
landowners. Fragments are created with this method, which may cause further spread of the 
unwanted plant(s). Fragments should be collected from the water and disposed. These units may 
also create turbidity as fine sediments are dispersed. Over time a small depression may be 
created from repetitive use. 
The ease of installation and movement varies with the unit.  It is best to install and begin 
using the systems early in the spring, before plants begin to actively grow (WDOE, 2003). 
Obstacles such as logs must be removed prior to installation. When the units are in use, signs 
should be posted to prevent people from using the area and to prevent injuries. Once the area is 
initially cleared, the units can be used as little as one day per week to keep the plants from 
recolonizing. When not in use, the units should be stored where people cannot accidentally injure 
themselves. 
 
Advantages 
• Repetitive use can suppress regrowth of plants 
• Creates and maintains open water areas 
• Most devices are adjustable and easily maneuverable 
• Some products are portable and can be shared by neighbors 
• Operating costs are low 
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Disadvantages 
• Repetitive agitation of the sediments can disturb bottom dwelling organisms and may 
interfere with fish spawning 
• May create fragments, which may cause further spread of the unwanted plant(s) 
• Can create a depression where the unit operates, as fine sediment is dispersed to other 
areas 
• Obstacles such as logs, need to be removed prior to installation and use 
• Equipment should be relocated when area is to be used for activities such as swimming 
and wading 
• When in use, area should not be used for swimming or other recreational activities 
• May create turbidity in softer sediments 
 
Costs 
Beach groomers start at about $1,000, and the pump to power it costs an additional $300. 
Lake sweepers and weed rollers are between $2,000 and $3,000. 
 
Drawdown 
Summary 
Lowering the level of water in a lake can have a notable impact on aquatic weeds. This 
method can be used on a waterbody where there is a water control structure that allows the 
managers to drop the level of water for extended periods of time (WDOE, 2003). It is best if the 
depth of the drawdown exceeds the maximum depth of colonization of the target species (AERF, 
2003). To be effective, the period of drawdown needs to last at least one month to ensure 
thorough drying of the plants (Cooke, 1980). In addition, drawdown is best done during the 
winter, when freezing of sediments may be possible. The results of carefully a carefully planned 
drawdown may provide long-term control, for two years or more (Madsen, 2000). 
This method is most commonly applied to Eurasian watermilfoil (Siver et al, 1986) and 
other milfoil species or submersed evergreen perennials (Tarver, 1980). It is important to know 
which plants are targeted for control, as species respond differently to drawdown and their 
response is not always consistent (Cooke, 1980). Some aquatic plant species are adapted to 
drawdown conditions, including pondweeds (Potamogeton spp.) and hydrilla (Hydrilla 
verticillata). These plants have reproductive propagules that can survive the drawdown, allowing 
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them to easily recolonize the lake after drawdown. Drawdown can enhance the expansion of 
native plants into areas previously occupied by invasive species (WDOE, 2003). Drawdown can 
also have significant environmental effects and may interfere with recreation and other beneficial 
uses of the lake. 
Lowering the level of the waterbody can significantly impact fish and wildlife 
populations. This may be of particular concern if there are endangered or threatened species that 
utilize the waterbody. In lakes with anadromous fish species and endangered species, water level 
drawdown may not be practical or feasible. There may be an increase in algal blooms following 
drawdown (WDOE, 2003). 
Previous efforts at weed control utilizing water level manipulation in the Northwest have 
been unsuccessful (Geiger, 1983). The mild winter of the Pacific Northwest is not suitable for 
such a procedure(Cooke et al, 1993). This lake is groundwater dominated, and combined with 
the heavy winter rainfall, sufficient drying of the sediments and plants is unlikely. 
 
Advantages 
• Can be inexpensive, if a water control structure exists 
• Can have long term effect (two or more years) 
• Docks and other structures can be repaired during drawdown 
• The expansion of native plants into areas previously occupied by invasive species can be 
enhanced 
• Loose sediments can become consolidated 
 
Disadvantages 
• Requires a water control structure; can be expensive if not already present 
• Some invasive or unwanted species growth, such as annuals may be enhanced 
• Can impair recreational and other beneficial uses during the drawdown period 
• Significant impacts to fish and wildlife 
• Algal blooms may occur following drawdown 
• May cause a decrease in nearby well levels 
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Costs 
Costs may be minimal if a water level control structure is in place. However, the loss of 
beneficial uses such as recreation and aesthetics could represent a significant loss to property 
values and revenues from tourism and fishing. 
 
 
Dredging 
Summary 
Dredging is usually not performed solely for aquatic plant management (Madsen, 2000). 
It is more often used for lakes that need deepening due to sediment infill, have excess nutrients, 
have inadequate pelagic and hypolimnetic zones, or require the removal of toxic substances 
(Petersen, 1982). 
Lakes that are very shallow due to sedimentation typically have abundant aquatic plant 
growth. Dredging reduces aquatic plant problems directly by removing the plants, bottom 
sediment, and associated nutrients.  Shallow dredging - one meter - has been found to be 
effective for a few months (Engel and Nichols, 1984). Deeper dredging, below the maximum 
depth of plant colonization, can prevent recolonization for 12 months (Collett et al, 1981) and 
may result in decreased plant biomass for a decade or more (Tobiessen et al, 1992). 
Dredging is effective because the increased depth decreases the light available for plant 
photosynthesis and growth  (Nichols, 1984a). Dredging may also create more diversity in the 
plant community, by opening more diverse habitats and creating depth gradients (Nichols, 
1984a). However, dredging also results in problems with temporary suspended sediment and can 
harm benthic organisms and other wildlife that overwinter in the sediments. It is not commonly 
employed as a lake restoration method due to the extremely high costs, extensive permitting 
issues, environmental impacts and sediment disposal issues. 
There are several different types of dredges including suction dredges, clamshell dredges 
and even backhoes mounted on barges. If access from the shore is feasible, dredging around 
docks can be done by a backhoe on shore. 
 
Advantages 
• Can create deeper, open water available for recreation 
• Can create depth gradients and a more diverse aquatic plant community 
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Disadvantages 
• Very expensive 
• Requires permits and mitigation if more than 50 yd³ removed 
• Requires disposal of sediments and associated plant material and water 
• Can harm benthic organisms that over winter in the sediments and impact fish and other 
wildlife 
• Removes plants, which are habitat for fish and other wildlife 
• Creates turbidity 
 
Costs 
Costs are variable for dredging projects depending on the amount of sediment removed, 
disposal and other issues.  A dredging project on two shallow New Jersey Lakes in 1985 cost 
$4.80 meter³ - $8.26 meter³; the total project cost $667,500 not including the engineering or 
administrative fees (Horstman and Copp, 1985). 
Holdren et al (2001) gives more recent costs. Depending on the sediment depth, 2 feet or 
five feet, costs for dredging range from $20,000 to $50,000 or $40,000 to $80,000 per acre 
respectively. This included design, permitting, capital cost, operating cost and monitoring. Costs 
for larger scale dredging projects generally will run into the millions. Mobilization of the 
equipment often represents a significant portion of the cost for larger projects. 
Small scale dredging around docks with good access for large backhoe equipment would 
cost between $1,300 and $1,400, including disposal. Sites with limited access require individual 
examination by the contractor and more time for the project, and prices will vary (Sarin, 2004). 
 
Biological Control Methods 
The biological control of aquatic plants focuses on the selection and introduction of 
organisms that have an impact on the productivity, growth, or reproduction of the target plant, 
thus controlling the unwanted plant. There are two major types of biological control: classic 
biological control and general biological control. 
Classical biological control uses agent organisms that are host specific, which attack only 
the plant species that are targeted for control. These organisms generally are found in the native 
range of the target nuisance aquatic plant and like the target plant are non-native. A number of 
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exotic aquatic species have approved classic biological control agents available for release in the 
U.S. These species include: hydrilla (Hydrilla verticillata), water hyacinth (Eichhornia 
crassipes), alligator weed (Alternanthera philoxeroides), and purple loosestrife (Lythrum 
salicaria). The Clatsop County Soil and Water Conservation District is currently releasing 
several different species of insects for purple loosestrife control within the county. However, 
biocontrol is not suitable for populations of purple loosestrife smaller than ¼ of an acre 
(Coombs, 2004). The small, spread out clumps of purple loosestrife at the lake would not allow 
the insects to establish a population capable of controlling the plants. There are no classical 
biological agents available for the invasive aquatic plants currently in these lakes; therefore the 
only option left is a general biological control agent. General biological control utilizes control 
organisms that are not host specific and will not target specific plant species. An example of a 
general control agent is the grass carp, which is discussed below. 
 
Grass Carp 
 Summary 
Grass carp (Ctenopharyngodon idella), also known as the white amur, is a herbivorous 
fish from Asia that was first imported into the United States in the 1960’s for use as a biocontrol 
agent for aquatic plants. Triploid fish must be used in Oregon. These fish have a low probability 
of successful reproduction. Grass carp live an average of 10 years and a maximum of over 40 
years. They have reached sizes as large as 50 pounds in lakes in the Midwest where they have 
been used as biocontrol organisms. ODFW requires a permit to stock grass carp in Oregon, 
which is discussed in the Permits section below. 
Grass carp have been shown to have definite food preferences, with some plant species 
being consumed prior to others. Grass carp have not been observed eating emergent wetland 
vegetation. Native species, such as the thin-leaved pondweed species and common waterweed 
(Elodea canadensis) are consumed before invasive species such as Brazilian elodea and Eurasian 
watermilfoil (Myriophyllum spicatum), while floating leaved species, such as fragrant waterlily 
and watershield are rarely consumed (Pauley et al, 1995; McKnight and Hepp, 1995) and may 
even increase after stocking of grass carp (Bonar et al, 1995). 
Grass carp will seek out flowing water, so that all inlets and outlets of the waterbody 
must be screened. Loch and Bonar (1999) observed 49 adult grass carp migrating up the 
Columbia River in 1996 and 1997, thus emphasizing the need for barrier construction and 
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maintenance in water bodies with grass carp. The appropriate stocking rate of grass carp depends 
on the macrophyte species composition and abundance in the lake. Grass carp effectiveness is 
strongly influenced by water temperature and seasonality, with northern ecosystems typically 
requiring substantially higher stocking rates than southern ecosystems (Stewart and Boyd, 1994). 
Grass carp have had mixed results as a biocontrol agent for aquatic plants in lakes. Many 
studies have sought to identify a stocking rate where macrophytes are suppressed rather than 
eliminated, but most have found an all or none result (Bonar et al, 2002; Cassani et al, 1994; 
Mitzner, 1994; Pauley and Bonar, 1995; Pauley et al, 1998; Scherer et al, 1995; Small et al, 
1985). In a study of 98 lakes and ponds in Washington, submersed aquatic vegetation was either 
not controlled, (42 percent of the lakes), or completely eradicated, (39 percent of the lakes) 
(Bonar et al, 2002). In addition, grass carp may not have any noticeable effects on macrophytes 
after stocking for long periods, more than 18 months (Bonar et al, 2002). Lake water chemistry 
may affect plant palatability and affect grass carp consumption rate and feeding preference 
(Bonar et al, 1990). 
The stocking of grass carp has been associated with changes in water chemistry, 
particularly decrease in water clarity attributed to increased turbidity (Leslie and Kobylinski, 
1985; Leslie et al, 1983; Lembi, 1978; Bonar et al, 2002; Small et al, 1985) and algal biomass 
(Maceina et al, 1992). 
Grass carp are currently being used in one other coastal lake in Oregon, Devils Lake. 
Grass carp were first stocked in Devils Lake in 1986 and a supplemental stocking occurred in 
1993. The use of grass carp as a biological plant control resulted in the total eradication of all 
aquatic plant species in the lake. The elimination of all aquatic plants in the lake resulted in a 
shift of the stable state of the lake, from a clear, macrophyte dominated state to a turbid, algae 
dominated state. The lake has had subsequent problems with toxic cyanobacteria (blue-green 
algae) blooms (Waggy, 2002).  
 
Advantages 
• Inexpensive as compared to some other control methods 
• Can provide long term control (10 + years) 
• Provides biological alternative for aquatic plant control 
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Disadvantages 
• May take several years to achieve control (depending on plant density and stocking rate 
of fish) 
• Level of control is highly variable, ranging from no control to complete eradication: 
• If not enough fish stocked, less favored plants may begin to dominate 
• If too many fish stocked, all plants may be removed 
• Show feeding preferences, so that native plants may be removed before unwanted 
invasive species; plants like fragrant waterlilies or watershield are rarely consumed 
• Preferred plants may also be important for habitat or waterfowl food 
• Difficult and expensive to remove once stocked 
• All inlets and outlets must be screened (may be not be feasible in water bodies with 
salmonids) 
• Often associated with an unwanted decrease in water clarity attributed to an increase in 
turbidity and algal biomass  
• Recapture of fish is difficult if waterbody has been overstocked 
 
Costs 
The cost of grass carp varies from $5 to $15 per fish based on where the fish are 
purchased and shipping and handling costs (WDOE, 2003). At a stocking rate of 15 fish per acre, 
765 fish would be required and the total cost to stock grass carp in the 51-acre lake would be 
between  $3,825 and $11,475. 
 
Other Considerations 
Lakes vary with regard to baseline water chemistry and fish and wildlife species type and 
abundance. The impact of grass carp on these variables within an individual lake is difficult to 
predict and studies have had variable results stocking grass carp (Bonar et al, 2002). Grass carp 
are typically viewed as an “all or nothing” control method. However, it is challenging to predict 
the results of the introduction of grass carp within an individual lake. Therefore it is 
recommended not to use grass carp in lakes unless total eradication of all aquatic plants in the 
lake is acceptable. 
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The effect of stocking grass carp on game fish populations has been varied. One study 
found a decrease in the bluegill population, with no change in largemouth bass (Forester and 
Lawrence, 1978). Ware and Gassaway (1978) found fewer large mouth bass and more bluegill 
that eventually became small and stunted. Increased predation of rainbow trout has also been 
observed (Rowe, 1984). Two studies found no negative effect on littoral fish populations were 
(Killgore et al, 1998; Mitzner, 1994). Grass carp may have negative impact on waterfowl habitat 
because their food uses overlap (McKnight and Hepp, 1995). 
Studies have sought ways to confine grass carp within a water body or remove them once 
the desired level of control is achieved. An assessment of three barrier types found that an 
electrified barrier worked to confine carp to a specific treatment area (Maceina et al, 1999). 
Capture of grass carp is difficult (Bonar et al, 1993), although some success has been achieved 
using sound to attract the fish (Willis et al, 2002). 
 
Chemical Control Methods 
Herbicides 
Summary 
The use of herbicides is one of the most widely known and effective management options 
available for aquatic plants (AERF, 2003). In the past 20 years, the use and review of herbicides 
has changed significantly to accommodate safety, health and environmental concerns. Currently, 
no herbicide product can be labeled for aquatic use if it has more than a one in a million chance 
of causing significant harmful effects to human health, wildlife or the environment (AERF, 
2003), although sublethal effects are not well documented. Because of this, there is a limited 
number of effective, EPA approved herbicides currently available for aquatic use. In addition to 
the EPA requirements, each state may have individual requirements. There are several issues that 
currently complicate the use of aquatic herbicides in Oregon. These issues are discussed in the 
Permits section below. 
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Herbicide Use and Classification 
Herbicides are chemicals used to control aquatic plants by causing death or greatly 
suppressing growth. Aquatic herbicides are sprayed directly onto floating or emergent aquatic 
plants, or are applied to the water in either liquid or pellet form (WDOE, 2003). Herbicides that 
are labeled for aquatic use are classified as either systemic or contact. Systemic herbicides are 
translocated throughout the entire plant. They are slower acting but often result in death of the 
entire plant. Contact herbicides act immediately on the tissues with which they come in contact, 
and cause extensive cellular damage at the point of uptake. Contact herbicides are typically faster 
acting; however only kill plant parts, which they contact. They do not always kill root crowns, 
roots or rhizomes for example (AERF, 2003). The effect of contact herbicides on target plants is 
not sustained, and the plant is capable of regrowth (Error! Reference source not found.). 
The response of plants to herbicides is a function of the properties of the plant, the 
herbicide, the concentration and contact time and timing of the application (Madsen, 2000). 
Exposure times and concentrations are determined in the laboratory and in field trials. Species 
with significant above water vegetative surfaces, such as floating or emergent species, can be 
treated with direct application to the surface of the plant. However, care should be taken to avoid 
application if a rain event is likely (AERF, 2003). 
Application of herbicides to complex, three-dimensional aquatic systems requires training 
and experience. Herbicide applicators should be experienced in aquatic application of herbicides 
and should have the appropriate training and certification. They should also know the target 
species for control in the waterbody and the appropriate herbicide type, concentration, and 
timing appropriate for its control. 
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Table 3. Classification, characteristics and mode of action of federally approved herbicides. Adapted from 
Madsen (2000). 
Chemical Trade Names Contact v. Systemic Mode of Action 
Fluridone 
Sonar AS 
Sonar SRP 
Sonar PR 
Avast! 
Systemic 
Disrupts carotenoid 
synthesis, causing 
bleaching of chlorophyll 
Glyphosate Rodeo Eagre Systemic 
Disrupts synthesis of 
phenylalanine (amino acid) 
Endothall 
Aquathol K 
Hydrothol 191 
Aquathol granular 
Contact Inactivates plant protein synthesis 
2,4 – D 
Navigate 
Aqua – Kleen 
IVM 44 
Many others 
Systemic Selective plant growth regulator 
Diquat Reward Weedtrine Contact 
Disrupts integrity of plant 
cell membranes  
Triclopyr Garlon 3A Renovate Systemic 
Selective plant growth 
regulator 
Complexed Copper 
compounds 
Cutrine Plus 
Komeen 
Koplex 
K-Tea 
Several others 
Systemic Plant cell toxicant 
 
Herbicide Registration, Label Precautions and Use Restrictions 
Herbicides that are sold in the U.S. must be registered with the federal government and, 
in most cases, by state regulatory agencies as well.  The herbicides are reviewed and regulated by 
the EPA Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) (FIFRA 1974, 7 J.S.C 135 
et seq. Public Laws 92-516, 94-140 and 95-356) and its recent amendments. The printed 
information and instructions included with a registered herbicide is known as the label and it 
constitutes a legal document (Error! Reference source not found.). Failure to use an herbicide 
in accordance with the label can result in severe penalties. The label provides information on the 
active ingredients, directions for the correct use on target plant species, warnings and use 
restrictions and safety, and antidote information (AERF, 2003). Selection of an appropriate 
herbicide also requires consideration of the restrictions on water use that may be required 
following an application. Restrictions may be required where there is unnecessary risk to people, 
livestock, or fish and wildlife. Contact the manufacturer or the company that sells the product for 
current label information. Labels can also be readily found on the internet. 
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Table 4. Summary of use and application restrictions for federally approved aquatic herbicides. Effectiveness 
includes only those species of concern in the Clatsop Plains Lakes. Adapted from AERF (2003). 
Chemical Exposure Time Persistence (in days) 
Maximum water 
concentration Effective in controlling 
1  
Fluridone Intermediate (18-72 hours) 21 0.15 mg/L 
Fanwort, Brazilian elodea, 
parrotfeather, and several native 
spp. 
Glyphosate Intermediate (18-72 hours) 14 0.2 mg/L 
Fragrant waterlilies and other 
emergent and floating spp. 
Endothall 
Short to 
intermediate 
(12-36 hours) 
4-7 5.0 mg/L Brazilian elodea, parrotfeather, and several native spp. 
2,4 – D 
Short to 
intermediate 
(12-36 hours) 
7.5 2.0 mg/L Fragrant waterlilies, parrotfeather and several native spp. 
Diquat Very long  (45-60 days) 1-7 0.37 mg/L 
Brazilian elodea, parrotfeather, and 
several native spp. 
Triclopyr Intermediate (18-72 hours) 3-7 2.5 mg/L 
Parrotfeather, Fragrant waterlilies, 
purple loosestrife 
Complexed Copper 
compounds 
Intermediate 
(12-72 hours) 3 1.0 mg/L Algae, Hydrilla 
1 From the Aquatic Plant Information System, USACE (2001). 
 
Selectivity 
Herbicides can be characterized as selective or nonselective (Error! Reference source 
not found.). Nonselective or broad-spectrum herbicides control all or most species of plants due 
to their effects on the physiological processes that are common to all species. Since these types 
of herbicides can kill all vegetation that they contact, care must be taken to be sure that the effect 
on desirable plants is minimal. Glyphosate is a non-selective, systemic herbicide that will kill all 
emergent and floating aquatic vegetation on which it is applied. Selective herbicides will damage 
only those groups of plants that possess the biological pathways to which the active chemical 
ingredient is specific. Some selective herbicides control only broadleaf plants (dicots) and do not 
affect grasses (monocots), while others are effective on monocots alone (AERF, 2003). 
Selectivity can also be a function of concentration and contact time. At higher doses, fluridone is 
nonselective and can affect native plants as well as invasive species. 
 
 
 
 
Advantages 
• Herbicides can be less expensive than other control methods 
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• Many can be species specific, allowing removal of only targeted species 
• Can often utilize low doses to remove unwanted plants 
• Easily applied around docks and other structures, underwater obstructions usually not a 
problem 
 
Disadvantages 
• Some are slow acting, may take days or weeks to control or kill plants 
• Non-targeted plants may be harmed, depending on herbicide used 
• Some herbicides have post-application swimming, fishing or other use restrictions  
• Requires licensed applicator who is experienced in aquatic use of herbicides to ensure 
success and avoid unwanted impacts 
 
Costs 
Costs to treat one acre with aquatic herbicides varies between $200 to $2000 depending 
on type of herbicide used, quantity required, and other site specifics (WDOE, 2003; Holdren et 
al, 2001). 
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Table 5. Advantages and disadvantages of federally approved aquatic herbicides. Adapted from Madsen (2000). 
Chemical Advantages Disadvantages Systems Where Used Effectively 
Plant species 
response 
Fluridone 
• Requires low doses 
• Few use restrictions 
• Negligible risk to wildlife 
• Selective at low application rates 
• Requires long contact time Small lakes, slow flowing systems 
Broad spectrum, 
acts in 30-90 days 
Glyphosate 
• Systemic 
• Widely used 
• Few label restrictions  
• Affects emergent plants only  
Non-selective for species 
Nature preserves and 
refuges 
Broad spectrum, 
acts in 7-10 days 
and up to 4 weeks 
Endothall 
• Requires short contact time 
• Low toxicity to fish (Aquathol® formulation) 
• Rapid action 
• Limited drift 
• Does not affect underground portions of plant 
• Use restrictions for water use 
• Toxic to fish (Hydrothal® formulation) 
• Short term efficacy 
Shoreline, localized 
treatments 
Broad spectrum, 
acts in 7-14 days 
2,4 – D 
• Inexpensive 
• Systemic herbicide 
• Some species specificity 
• Low fish toxicity 
• Public perception 
• Toxic to benthic organisms 
Water hyacinth and 
Eurasian watermilfoil 
control, lakes and slow 
flowing areas, purple 
loosestrife 
Selective on 
broad-leaved 
plants, acts in 5-7 
days up to 2 weeks 
Diquat 
• Requires short contact time 
• Rapid action 
Limited drift 
• Does not affect underground portions of plant 
• Short term efficacy 
• Use restrictions for aquatic use 
• Toxic to aquatic invertebrates  
Shoreline, localized 
treatments 
Broad spectrum, 
acts in 5-7 days 
Triclopyr 
• Systemic 
• Selective for broadleaved plants 
• No label restrictions for swimming or fishing 
• Not effective on monocots Lakes and slow flowing areas, purple loosestrife 
Selective to broad 
leaves acts in 7-10 
days, up to 2 
weeks 
Complexed 
Copper 
compounds 
• Rapid action 
• Low cost 
• Approved for drinking water 
• Toxic to fish and mollusks, particularly in soft water 
• Accumulates in sediment, but biologically inactive 
Lakes as algaecide, 
herbicide in higher 
exchange areas 
Broad spectrum, 
acts in 7-10 days 
or up to 4-6 weeks 
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Emergent weed control methods 
Purple loosestrife 
Hand pulling or digging has been successful in controlling small patches of young plants, 
which can be removed by hand with little effort. Mature plants are more difficult, but not 
impossible to remove by digging. The root mass should be removed, making sure that all pieces 
have been collected. Purple loosestrife will re-root from the smallest rhizome fragments and 
from broken stems (CDFA, 2001; Bender and Rendall, 2001). Where plant digging is not 
feasible, removal of flower stalks helps slow the spread of seed. Plants can be flagged after 
removal of flowers in the early summer, and then dug up in fall prior to dieback, when the 
ground is softer. All plant fragments including roots and broken stems should be removed and 
destroyed by bagging plant material and allowing it to completely dry out, before disposing 
(CDFA, 2001). Because hand removal can leave fragments, a combination of mechanical and 
chemical methods may be more effective. 
Spot application of glyphosate directly on to purple loosestrife can be safely done by 
cutting off all the plant’s stems to six inches and then painting or dripping the herbicide onto the 
cut surface (Henderson, 1987). Spraying can be also done and studies indicate it is best to spray 
no more than 25 to 50 percent of the plant’s foliage to help limit overspraying that might damage 
neighboring vegetation (Bender and Rendall, 2001). The major disadvantage of using glyphosate 
is that it is non-specific systemic. Broadcast spraying of such an herbicide kills all of the 
vegetation in a treatment area may result in an increase of purple loosestrife density because of 
seed germination following the removal of the competing native vegetation (Bender and Rendall, 
2001). However, careful application of glyphosate can lead to eradication of the invasive plants 
while maintaining the surrounding native vegetation. This would be more effective than pulling 
or digging, since it will kill the entire plant, including roots and rhizomes without disturbing the 
soil and generating fragments. Triclopyr is also effective in controlling purple loosestrife in a 
foliar spray application. The choice of application technique and timing determines efficacy and 
should minimize off-target effects. However, the use of chemicals is somewhat limited by legal 
issues, which is discussed in the Permits section. 
Control and eventual eradication may also be achieved using biological methods. As 
mentioned previously, Clatsop County Soil and Water Conservation District is currently 
overseeing the release of insects for the biological control of purple loosestrife in Clatsop 
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County. Clumps of purple loosestrife must be at least ¼ of an acre in area to sustain an 
established population of insects for biocontrol (Coombs, 2004). 
 
Yellow flag iris 
Manual or mechanical methods that remove the entire rhizome mat can successfully 
control small, isolated patches of yellow flag iris (Tu, 2003). These methods are time and labor 
intensive, and may be only somewhat successful, since plants can easily propagate from rhizome 
fragments (Clark et al, 1998 in Jacono, 2001). Pulling or digging the plants repeatedly over 
several years, may provide adequate control and eventually cause death. Care should be taken 
when pulling or digging the plant, since resinous substances in the leaves and rhizomes may 
cause skin irritation (Cooper and Johnson, 1984 in Jacono, 2001). If digging is not feasible 
clipping flower heads and seed pods may slow the development and spread of seeds, but will not 
kill the plant. Seeds are buoyant and water is the primary dispersal method (Tu, 2003). Seeds and 
rhizome fragments may be dispersed by wind throughout the lake. If seeds are deposited onto 
moist soil, such as the lakeshore, they have a high germination rate (Coops & Van Der Velde 
1995). It is important to dispose of all plant fragments to prevent the spread of the plant around 
the lake. Yellow flag rhizomes are very drought resistant and excavated rhizomes can continue 
growing for three months without water (Sutherland, 1990). No biological controls are currently 
available for yellow flag iris control (Tu, 2003). 
Because hand removal can leave fragments, a combination of mechanical and chemical 
methods may be more effective. Successful control has been achieved by directly applying 
glyphosate to fresh cut stems with a wick applicator or a backpack sprayer (Tu, 2003). Wick 
applications involve using various types of sponges to directly paint on or apply the herbicide to 
the leaves of the plant. Glyphosate can be applied to yellow flag iris with a dripless wick on the 
leaves, which will limit the herbicide to the problem plant. Spraying is also effective, but as 
mentioned before, can increase the chance of unwanted control of native species. As mentioned 
previously, the use of chemicals is somewhat limited by legal issues, which is discussed in the 
Permits section below. 
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Permits and Regulations 
Introduction 
Permits are required for implementation of many aquatic plant management techniques. 
Many different agencies are involved, and each has their own unique requirements depending on 
the selected control method, timing, area affected, presence or potential presence of any 
endangered or threatened species. Often several agencies on several levels, local, State and 
Federal, have authority; particularly in waterbodies that are designated as critical salmon habitat 
(Table 6). A detailed description of the permit requirements follows and contact information for 
each agency can be found in Appendix A-4. 
 
Table 6. Agencies which could be involved in permitting for plant control methods. 
Method Local Agency State Agencies Federal Agencies 
Benthic Barriers Clatsop County Oregon DSL ODFW 
USACE 
USFWS 
NOAA-Fisheries 
Water level drawdown Clatsop County ODFW USFWS NOAA-Fisheries 
Dredging Clatsop County Oregon DSL ODFW 
USACE 
USFWS 
NOAA-Fisheries 
EPA 
Hand Removal Clatsop County ODFW USFWS NOAA-Fisheries 
Harvesting Clatsop County ODFW USFWS NOAA-Fisheries 
Cutting Clatsop County ODFW USFWS NOAA-Fisheries 
Sediment Agitation Clatsop County 
Oregon DSL 
ODFW 
Oregon DEQ 
USACE 
USFWS 
NOAA-Fisheries 
EPA 
Rotovation Clatsop County 
Oregon DSL 
ODFW 
Oregon DEQ 
USACE 
USFWS 
NOAA-Fisheries 
EPA 
Diver-operated suction harvesting Clatsop County 
Oregon DSL 
ODFW 
Oregon DEQ 
USACE 
USFWS 
NOAA-Fisheries 
EPA 
Grass Carp Clatsop County ODFW USFWS NOAA-Fisheries 
Herbicides Clatsop County ODFW Oregon DEQ 
USFWS 
NOAA-Fisheries 
EPA 
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Clatsop County 
Clatsop County designates land use within the county by assigning zones. These zones 
dictate what types of activities can occur on the land within the zone. Some activities may be 
limited by restrictions that are created to protect natural resources or beneficial uses such as 
recreation. Overlay districts are a type of zone over an area that has already been designated as a 
specific zone. This lake falls within two overlay districts and one zone. The two overlay districts 
are the Shoreland Overlay district and the Beach and Dune Overlay district. 
The Shoreland Overlay district includes areas within 50 feet of a coastal lake (Section 
4.080). The purpose of this district is to manage uses and activities in coastal shoreland areas. 
The lakes fall into Category 2 Coastal Shorelands (Section 4.086(2)). This category allows 
projects for the protection of habitat, nutrient, fish, wildlife and aesthetic resources. The Beach 
and Dune Overlay district includes the beach and dune hazard area (Section 4.040). The intent of 
this district is to regulate the uses and activities within these areas to conserve, protect and 
restore the resources of the beaches and dune. 
The zone underlying these two overlay districts, the Lake and Wetland Zone (Section 
3.610), is to ensure the conservation of important shoreland and wetland biological habitats to 
maintain the diversity of species and ecological regions in Clatsop County. The rules and 
regulations of this zone supersede those of the overlay zones. Conditional use permits will be 
required for all of the weed management activities in this lake. A Conditional Use Permit is 
required for the following activities within this zone: active restoration (including any aquatic 
vegetation removal), boat launch development, and vegetation removal from coastal lakes east of 
U.S. Highway 101 that is acceptable to ODFW and other state and federal agencies (Section 
3.614:1,3,6). 
Conditional use permits cost between $600 and $800 and can take one to three months to 
obtain. Authorization of the conditional use granted by the permit is void after two years, 
however an extension of up to one year may be granted. Homeowners associations or landowner 
groups can apply for the permits for all aquatic plant management methods under one permit, 
reducing the cost of the permit. In addition, if any state or federal permits are required for the 
proposed action, the applicant must submit a copy of these permits, prior to the issuance of a 
development permit or any action. The presence of Endangered Species Act (ESA)-listed or 
Oregon State listed endangered or threatened species will require consultation between the 
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county and state and federal agencies prior to issuance of the permit. This consultation may be 
informal and straightforward or can be formal and complex. The type of consultation required 
and time frame for completion varies with the species present and project specifics. 
The permits can be obtained from the Clatsop County Community Development 
Department. Contact information for Community Development is available in Appendix A-4. A 
copy of the Conditional Use Permit application is in Appendix A-5. 
 
Oregon Division of State Lands and US Army Corps of Engineers 
Oregon Division of State Lands (DSL) regulates the submersed lands of the state, 
including lakes, regardless of ownership. Oregon’s Removal-Fill law (ORS 196.795-990) 
requires individuals and groups who plan to remove or fill material in waters of the state to 
obtain a permit from DSL. Permits or General Authorizations (see description below) are 
required for: projects requiring the removal or fill of 50 yds3 or more of material in waters of the 
state or the removal or fill of any quantity of material, in a water body designated as Essential 
Salmon Habitat. The law does not apply if the work in waters of the state is for the fill or 
removal less than 50 yds3, except in essential, indigenous, anadromous, salmonid habitat and 
scenic waterways (ORS 196.810(b)). Cullaby Lake has been designated as Essential Salmon 
Habitat (DSL, 2001), but has not been designated as a scenic waterway. 
Any aquatic plant management activities that involve sediment removal or fill in water 
bodies that are designated as Essential Salmonid Habitat requires consultation between DSL and 
the Oregon Department of Fish and Wildlife. In water bodies that contain ESA - listed salmonids 
or are designated Critical Habitat, sediment removal or fill would also require consultation with 
and approval from NOAA Fisheries. If ESA-listed amphibians, freshwater fish or avian species 
that are present within the project area, DSL would seek consultation from the U.S. Fish and 
Wildlife Service (USFWS). Additional consultation may occur with other agencies, such as DEQ 
or the Environmental Protection Agency (EPA), both of which regulate water quality. This 
consultation may be informal and straightforward or can be formal and complex. The type of 
consultation required and time frame for completion varies with the species present and the 
specifics of the project. A recent species list will need to be acquired from both the USFWS and 
NOAA Fisheries to determine if any listed species are present in the lake. The permit will need 
to identify how (if at all) the listed species will be impacted by the project. Application fees for 
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Individual permits range from $50 to $600 depending on the status of the applicant (private, 
public or commercial) and the quantity of material removed and/or filled. 
The amount of sediment removed is measured annually so a landowner would need to 
wait one year prior to removing up to another 50 yds3. The amount of sediment removed is based 
on who pays for the removal, a group or an individual. For example, if a homeowners association 
were to hire a backhoe to do small scale dredging around docks in the lake, the 50 yds3 limit 
would apply to all of the participants, thereby limiting the amount of sediment that could be 
removed around each dock. If each individual hired a backhoe, up to 50 yds3 could be removed 
before triggering a permit. However, a group of landowners pooling their money to pay one 
contractor for a job would be limited to removal of a total of 50 yds3. Each individual would not 
be allowed 50 yds3. 
DSL issues a streamlined type of permit called a General Authorization for certain types 
of activities, such as smaller projects, such as the General Authorization for Minimal 
Disturbances Activities (less than two yds3) within Essential Salmon Habitat. There are several 
different types of General Authorizations, including the one mentioned above. There is currently 
no cost for applications for General Authorizations. It is unlikely that any of the weed control 
methods employed in Smith Lake will qualify for a General Authorization. 
Many projects that require a DSL removal-fill permit will also require a federal permit 
from the U.S. Army Corps of Engineers (USACE). DSL and the USACE use a joint permit 
application form; so only one application needs to be completed to obtain both permits. 
However, a copy of the application must be sent to both agencies. 
The USACE regulates fill placed in non-navigable wetlands and waterways under 
Section 404 of the U.S. Clean Water Act, and regulates all structures and work in or affecting 
navigable waters of Section 10 of the Rivers and Harbors Act. Each situation must be evaluated 
by USACE and a permit may or may not be required depending on the site. Some activities, such 
as bottom barriers, may qualify for a Nationwide permit, which is a streamlined, no cost permit 
typically issued for activities that take place often. 
Landowners and lake managers should contact the USACE and the DSL Resource 
Coordinator for Clatsop County prior to placing any structures or performing other management 
activities in the lake. Permits are required for activities such as benthic barriers, dredging, 
sediment agitation and rotovation. The permits can be obtained from DSL’s webpage. Contact 
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information including website links for DSL and the USACE is available in Appendix A-4. 
Copies of the permit application are in Appendix A-5. 
 
Oregon Department of Environmental Quality 
The Oregon DEQ is the state agency responsible for protecting Oregon's surface waters 
and groundwater. Their mission is to keep these waters safe for a wide range of uses, such as 
drinking water, recreation, fish habitat, aquatic life, and irrigation. DEQ’s Water Quality 
Program accomplishes this through regular monitoring, inspection, regulation and development 
of water quality standards for Oregon's waters and permits based on those standards and 
regulations. Aquatic plant management options that may create turbidity include dredging, 
sediment agitation, rotovation and diver operated suction harvesting. In addition, there are 
extensive permit issues regarding the application of herbicides. Each of these situations is 
described below. 
 
Turbidity 
Dredging, sediment agitation, rotovation and diver-operated suction harvesting all create 
turbidity during the removal of aquatic plants. The existing turbidity rule in division 340-41 
refers to a maximum increase in turbidity of 10 percent relative to upstream water. This rule, 
however, refers specifically to streams and not to lakes. DEQ is currently developing a new 
turbidity standard that addresses a wider range of circumstances with more specific endpoints. 
"Ponded systems" such as lakes are specifically addressed. The new draft rule states there is a 
limited allowable increase of turbidity in terms of NTUs (nephelometric turbidity units) and a 
limited percent increase in turbidity within a specified distance. These draft limits will 
approximate the 10 percent rule currently in place for streams; however specifics are not yet 
available. A permit may be required for those methods that stir up sediments and create turbidity, 
such as rotovation, sediment agitation, dredging, and diver operated suction harvesting. 
Precautions such as using a sediment curtain to limit the spread of the turbid water during small-
scale sediment removal should always be taken. Landowners should contact the North Coast 
Basin TMDL Coordinator prior to beginning any work (see Appendix A-4 for contact 
information). 
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Herbicides 
Prior to 2001, aquatic herbicide applicators were required to follow EPA-approved 
product labels that are regulated and enforced under authority from FIFRA – no application 
permit was required in Oregon. In 2001, however, the U.S. 9th circuit Court of Appeals decided 
in the Talent Case (No. 99-35373) that a National Pollutant Discharge Elimination System 
(NPDES) permit is required for aquatic herbicide applications. 
How the Talent decision will be implemented in Oregon is not yet clear. NPDES permits 
typically include limits on the quantity and concentration of pollutants allowed in a discharge as 
well as sampling and monitoring, record keeping, and reporting requirements. There are two 
types of NPDES permits: an “individual” permit issued for a site-specific activity and a 
“general” permit issued for a category of activities with similar discharges. In Oregon, the 
application fee for an individual permit is approximately $10,000 with an annual fee of about 
$2,500 to maintain the permit. NPDES permits are issued for a period of five years. 
The alternative to an individual permit is a general permit, which could be structured in a 
variety of ways provided that the standard conditions developed in the permit are adequate to 
protect the environment. A general permit could be developed to allow for a broader use of a 
particular herbicide on more than one noxious aquatic weed species, or the permit could focus on 
a specific weed and allow a variety of herbicides to be used. A general permit could be issued to 
anyone that can meet the terms and conditions of the permit. In Oregon, general permits must be 
issued through a formal rulemaking process, which may take six to nine months. Permit 
development costs for DEQ are in the range of $50,000 to $100,000, but the permit application 
fee is set in rule at approximately $700 with an annual fee of $350. As a result, a general permit 
is considered only when there is the potential for multiple permittees and thus a reduction in 
overall administrative costs. 
The State of Oregon has not yet developed any general permits for aquatic herbicides. 
There are individual permits that have been issued for aquatic herbicide treatment of irrigation 
canals; however, these have recently been revoked. DEQ revoked the permits to comply with an 
order from the U.S. District Court for Oregon (Northwest Environmental Advocates v. US EPA, 
D.Or.No. CV-01-510HA). The court determined that EPA failed to approve DEQ’s “alternate 
mixing zone standard” and ordered DEQ to revoke all permits that were based on this standard. 
The irrigation permits used this standard to allow for larger areas of toxicity. While it is not 
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likely that DEQ will issue any NPDES permits for aquatic pesticides in the immediate future, it 
is reasonable to assume that NPDES permitting issues within the state will eventually be 
resolved. 
Oregon DEQ’s current policy is that it will not take enforcement action against aquatic 
pesticides applications made without an NPDES permit, provided the applications are consistent 
with EPA guidance (in compliance with FIFRA). Since the Talent decision, Oregon DEQ has 
issued MAOs (Mutual Agreement and Orders) in lieu of NPDES permits as a regulatory 
mechanism. Although an MAO does NOT provide any measure of protection against citizen 
lawsuits, it does demonstrate due diligence on the part of the project proponent. 
The application process and costs for an MAO are the same as those for an individual 
NPDES permit and can take the same amount of time (~ 6 months). The current priority of DEQ 
regarding permits is to reduce the backlog of expired permits, so an MAO could conceivably 
take longer than 6 months to obtain. Lake Oswego Corporation retained legal counsel at 
significant cost to assist in the application process for their MAO. They have obtained an MAO 
and use aquatic herbicides for control of aquatic macrophytes in the lake. The Corporation has 
also applied for an NPDES permit, but permit development is on hold. Contact information for 
DEQ is available in Appendix A-4. 
 
Oregon Dept. Fish and Wildlife 
The Oregon Department of Fish and Wildlife is responsible for protecting fish and 
wildlife in Oregon. Their mission is to protect and enhance Oregon's fish and wildlife and their 
habitats for use and enjoyment by present and future generations. ODFW has jurisdiction over 
issuing permits for the stocking of grass carp for aquatic plant management. Aquatic plant 
management methods may disturb aquatic fish and wildlife species by altering their habitat. 
ODFW has issued guidelines for the timing of in-water work, including aquatic plant 
management, to protect and minimize any potential impacts on fish and wildlife. 
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Grass Carp Permit 
Permits from ODFW are required for stocking grass carp in water bodies in Oregon. 
There are several provisions for grass carp use in Oregon including: 
• Water body must be on private land 
• Water body must be less than 10 acres 
• The inlets and outlets of the water body must be screened 
• Water body must not be within the 100 year floodplain 
• Grass carp must be sterile, tagged to identify the owner and less than 12 inches in length 
• Stocking rates cannot exceed 22 fish per acre 
The Oregon Fish and Wildlife Commission recently amended these rules to allow 
exception to the water body size limit and the floodplain requirement, provided that the applicant 
can ensure that the grass carp are unable to leave the water body. The commission approves each 
request for exception to the rules on a site-by-site basis (ODFW, 2003c). Contact information for 
ODFW is available in Appendix A-4. A copy of the regulations for stocking grass carp are in 
Appendix A-5. 
 
In-water Work Guidelines 
ODFW (2000) has created guidelines for the timing of in-water work to protect fish and 
wildlife resources. The guidelines provide the public with a way to plan in-water work during 
periods of time that would have the least impact on fish, wildlife and habitat resources. ODFW 
will use the guidelines as a basis for commenting on planning and regulatory processes. This 
includes consultation during the review process for Conditional Use Permits from Clatsop 
County or Removal/Fill Permits from DSL and the USACE. The preferred work period applies 
to the listed streams, unlisted upstream tributaries and associated lakes and reservoirs. The 
preferred work period for Young’s Bay Tributaries is July 1st through September 15th. ODFW 
may grant exceptions to the preferred work period, on a case by case basis. Many of the methods 
described above are meant to control aquatic plants during the growing season, which can range 
from as early as April to as late as September. Residents will need to get an extension for the 
recommended work period from ODFW in order to control weeds prior to July 1st. A copy of the 
in-water work guidelines is in Appendix A-5. 
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Evaluation of Lake Specific Weed Control Alternatives 
Introduction 
Cullaby Lake has one invasive, emergent, aquatic plant, one native and four invasive 
aquatic, submersed and floating plants, all of which are significantly altering the lake ecosystem 
and interfering with the beneficial uses of the lake. Integrated management of these weeds 
requires evaluation of the available control methods with consideration of the abundance and 
distribution of the plants present, management goals, legal and economic constraints, and 
possible impacts of management activities. Evaluation of the control alternatives also requires an 
examination of the appropriate control intensity. To minimize the impact of managing aquatic 
weeds on the native fish, wildlife, and plants, the intensity of control for the lake needs to be 
determined. An examination of the three levels of control intensity and the appropriate level of 
control for Cullaby Lake is included. The available control methods previously described are 
evaluated below. 
 
Control Intensity 
When managing aquatic weeds, it is important to take into consideration the presence of 
native plant and wildlife species that may be harmed by managing the invasive aquatic plants in 
the lake. As discussed above, this is particularly important when there are threatened or 
endangered species present. Several of the available plant management options indiscriminately 
remove all plant species. This may be appropriate in irrigation canals or storage reservoirs where 
no vegetation is desired, but native vegetation is desirable in a natural system. To reduce the 
impact on native vegetation and wildlife it is necessary to decide the proper level of control for 
specific use areas in the lake, which are no control, low level control, and high level control. 
 
No Control 
In some cases it may be necessary to leave special habitat areas within the lake 
untouched. This is especially true when the control techniques available may have a net negative 
impact on habitat quality. If management techniques degrade the function of shoreline wildlife 
conservancy areas, e.g., nesting and forage sites for waterfowl and other animals, no control 
should be considered in these areas. Native plant beds that function as fish spawning sites should 
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be preserved or subjected to minimal treatment. In some cases, the presence of native plants may 
have aesthetic value to the surrounding community. 
 
Low-level Control 
Low level control usually involves only a partial removal of vegetation. For instance, in 
lakes where a warm-water fishery is important, using mechanical means to develop fish lanes 
through vegetation can be quite valuable. Low-intensity control efforts are also important in 
shoreline treatments where emergent vegetation is to be protected. Low-level control maximizes 
enjoyment of a water body while minimizing plant removal. A benefit of low-level control using 
mechanical means is the low treatment cost per acre because only patches of vegetation are being 
removed. The disposal cost of the removed material is much less than if the entire plant 
population were removed. 
 
High-level Control 
The occurrence of certain aquatic plant growth situations may require aggressive control. 
The presence of invasive non-native plants may justify such measures to remove plants, 
especially where critical salmonid habitat may be jeopardized. It may be necessary to clear all 
vegetation from swimming or wading areas for safety reasons. Other areas requiring intensive 
removal may include areas around docks or boat ramps. It is important to note that the latter two 
examples describe small-scale, localized treatments. Lake-wide control efforts affecting all of the 
aquatic plants are rarely appropriate, except in lakes where invasive, non-native plants dominate. 
 
Control Level for Cullaby Lake 
The overall management goal is to control the invasive weeds in Cullaby Lake in a 
manner that allows sustainable native plant and animal communities to thrive, maintains water 
quality and facilitates recreational enjoyment of the lake. Cullaby Lake does not contain 
salmonids but it does contain several types of warm water fish, which have been introduced over 
the years as game fish. The emergent vegetation surrounding the lake includes purple loosestrife. 
Non-native, invasive, nuisance aquatic plant species, are abundant in the lake. Neither the “no 
control” nor the “low control” option is appropriate for the entire lake; instead a moderate level 
of control is appropriate for the management goal in Cullaby Lake. The management goal will 
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require a high level of control in some areas, such as around docks and the narrow neck between 
the north and south basins, and a no control or low level of control for the rest of the lake. 
 
Evaluation of Control Methods 
There are many different weed management techniques that could be employed to meet 
the management objectives for Cullaby Lake. These techniques were evaluated for effectiveness 
against the target plants, scale and intensity of control provided, timing, permitting constraints, 
and costs. Other factors that influenced selection of management methods included the role of 
watershed nutrient loading in causing nuisance algae blooms and the potential for weed 
management activities to exacerbate water quality problems, impact on beneficial uses, and the 
presence of threatened and endangered species. These considerations narrowed the list of 
applicable methods to hand removal, small scale cutting, harvesting, benthic barriers and 
sediment agitation, (Table 7). The rationale for the selection of these methods is discussed 
below. 
 
Table 7. Summary of suitable methods and recommendation for or against their use for managing aquatic 
weeds in Cullaby Lake. 
Method Recommended for Cullaby Lake Comments 
Mechanical    
Hand removal Yes Small areas: around docks and in front of homes 
Harvesting Yes Harvest fragrant waterlily 
Cutting - small scale Yes Small areas: around docks and in front of homes 
Cutting - large scale No Leaves fragments to decompose, water quality and aesthetic issues
Rotovation No Environmental impacts too severe, permit issues 
Diver Suction Harvesting No Not suitable for large scale infestation 
Physical   
Benthic Barriers Yes Small areas: around docks and in front of homes 
Sediment Agitation Yes Around docks and in front of homes 
Drawdown No Not effective in Pacific NW lakes 
Dredging – large scale No Environmental impacts too severe, permit issues 
Dredging – small scale No Environmental impacts too severe, permit issues 
Biological   
Purple loosestrife insects No Purple loosestrife population not large enough 
Grass carp No Lake does not ODFW stocking requirements 
Chemical   
All herbicides No Salmon and permit issues 
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Diver-operated suction harvesting, water level drawdown and biological methods using 
insects and grass carp, were simply not suitable for emergent, floating and submersed aquatic 
weed control in Cullaby Lake. Diver operated suction harvesting is not suitable for large-scale 
infestations and watershield and fanwort are spread throughout the lake. Diver operated suction 
harvesting would be better utilized to treat small areas after the cover and density of these plants 
has been reduced by another control method, such as herbicides.. This method could also be 
utilized to treat pioneering infestations of other invasive plants that may come to the lake in the 
future. 
Water level drawdown is not suitable for Cullaby Lake, since this method has proven 
ineffective in other Oregon lakes. The mild winter weather would not ensure freezing of the 
sediments or plants and the combination of groundwater seepage and heavy rain would prevent 
thorough drying of the plants and their roots. The lake would have to be lowered to a depth of at 
least 3.0 meters to control fanwort and watershield. This would significantly interfere with the 
beneficial uses of the lake. The lake level is also managed for other residents in the watershed. 
Lowering the lake level to control the weeds could have negative impacts for these residents. 
Biological control of purple loosestrife and the floating and submersed plants is not 
appropriate in Cullaby Lake. The insects that control purple loosestrife are not effective on plant 
populations smaller than ¼ of an acre (Coombs, 2004). Grass carp are not suitable for use in 
Cullaby Lake for two reasons. First, grass carp do not eat watershield, one of the main plants of 
concern at the lake. Second, the lake does not meet two of ODFW’s requirements for stocking 
grass carp: the lake is not on private land and it exceeds the water body size limit of 10 acres. 
Large scale cutting, rotovation, dredging and herbicides were rejected because of the 
detrimental impacts they would have on water quality and beneficial uses as well as permitting 
issues and cost. Large-scale cutting is not recommended because water quality and aesthetics are 
important beneficial uses of the lake and the fragments created from cutting will negatively 
degrade both of these uses. Large-scale cutting does not involve removing the plants from the 
water as does harvesting. Decomposition of cut plants could release nutrients in the lake and 
cause algae blooms, decrease dissolved oxygen, and create unsightly and unpleasant odors.  
Rotovation and dredging were rejected because of water quality concerns, lake bottom 
obstructions, mobilization costs and permit issues. These methods have significant impacts on 
sediments and, potentially, water quality that may harm salmon and other fish and wildlife and 
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require mitigation. While potentially effective in controlling weeds in some areas, given the 
potential impacts, the permitting process for dredging and rotovation would be time-consuming 
and the required mitigation measures expensive. The activities may ultimately not be permitted. 
The risk of failure to obtain a permit and cost of mitigation measures was judged too high to 
justify pursuing these options. 
Unresolved permit issues currently complicate herbicide use in Oregon. As with dredging 
and rotovation, herbicides may be effective in some situations in Cullaby Lake but permitting 
issues make them difficult to implement at this time. Herbicide use should be reconsidered when 
non-point discharge elimination system permit issues in Oregon are resolved. 
 
Integrated Treatment Recommendation for Cullaby Lake 
The recommended weed management measures for Cullaby Lake include a combination 
of small-scale and large-scale control strategies. The small-scale strategy focuses on 
implementing techniques that are effective around docks and small waterfront areas using hand 
removal, cutting, bottom barriers and sediment agitation. The large-scale strategy uses a 
harvester to maintain boating access to open-water areas in the lake. Preventing the introduction 
of new invasive aquatic plants is a key element of the management plan. Activities for 
preventing new introductions, small and large-scale management strategies, required permits and 
estimated costs are discussed below (Table 8). 
 
Table 8. Recommended strategy for aquatic weed control in Cullaby Lake. 
Prevention Small Scale/Individual Actions 
• Benthic barriers 
• Hand removal 
• Cutting 
• Sediment agitation 
 
Large Scale Methods 
Monitoring 
New Introductions 
• Annually: boat ramps 
• Biannually: whole lake 
Water Quality  
• Annual twice per year 
Education 
• Brochure 
• Signs 
Rapid Response Plan 
• Harvesting 
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Recommended Methods, Costs, and Potential Funding 
Prevention 
Preventing the introduction of new invasive aquatic plant species to Cullaby Lake is a 
key component of the integrated management plan. The recommended prevention actions 
include educating lake users and landowners about invasive species and the likely pathways of 
introduction to Cullaby Lake. Prevention also includes monitoring for new invaders to facilitate 
early detection, rapid response, and prevention of spread of newly introduced plants. 
 
Education 
Boats launched in Cullaby Lake following use in other weed-infested water bodies may 
introduce new invasive plants to the lake. A sign instructing boaters to clean their boat and trailer 
prior to launch and upon leaving Cullaby Lake should be installed at the boat ramp (Table 9). 
Cullaby is the most important lake in the Clatsop Plains for boating, water skiing, and personal 
watercraft recreation. For this reason, Clatsop County Parks and landowners may want to 
consider seeking funding for a boat washing station for the boat launch at Cullaby Lake County 
Park 
Information on the impacts, pathways of introduction, and importance of boat cleaning 
and disposal of aquarium and water gardening plants should be available at watershed council 
and homeowner association meetings.  A brochure about the lake should be created that details 
the above information, and discourages the intentional or accidental introduction of invasive 
aquatic plants into the lake. The brochure should be distributed to all residences around the lake. 
In addition, information about the project and invasive aquatic plants in Clatsop Plains lakes 
should be placed on the websites of the Skipanon Watershed Council and the Clatsop Soil and 
Water Conservation District. 
 
Monitoring 
A monitoring plan is required for early detection of new invasions and to track changes in 
the abundance and distribution of the aquatic plants in Cullaby Lake over time. Consistent 
monitoring will allow managers to detect new invaders early when eradication is feasible. 
Detailed surveys of aquatic plants in the lake using a sampling scheme similar to the one 
employed in this study should be done every two years between June and August. This will 
allow managers to detect significant changes in the cover and abundance of aquatic plants in the 
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lake. Large scale harvesting may noticeably alter the plant population of the lake, because of 
differential response of plants to harvesting. Watershield is more susceptible to harvesting than 
fanwort, which may allow fanwort to grow back more quickly and lead to a dominance of 
fanwort in harvested areas over time. Therefore, consistent monitoring of the plant community is 
necessary. . PSU staff, who are knowledgeable about aquatic plant survey methods, could 
conduct these surveys (Table 9). Periodic surveys of the boat ramp, where new plants are likely 
to be introduced, would also aid in early detection of any invasive plants (Table 9). Landowners 
or county maintenance staff could conduct these surveys following training by PSU staff in 
identification of the plants currently in Cullaby Lake and the most likely new invaders. 
Consistent water quality monitoring is recommended so that changes resulting from 
management activities can be documented (Table 9). Cullaby Lake is nutrient rich, and the 
rooted aquatic plants may provide some limitation on algae abundance (see Surface Water 
Quality in Clatsop Plains Lakes Vegetation and Water Quality Management; Sytsma and 
Petersen, 2004). Management that reduces the amount of plants in the lake may allow 
proliferation of algae. A long-term record of lake water quality would allow the separation of 
relatively short-term annual variation from the effects caused by management activities. This 
information would allow managers to adapt their management strategy to minimize aquatic weed 
management impacts on lake water quality. Regular aquatic plant monitoring would also reveal 
any changes in the abundance and distribution of the fanwort, Brazilian elodea, and the native 
plant community over time. 
 
Response Plan 
A response plan for new aquatic plant introductions should be developed (Table 9). 
Eradication of new invaders is possible when management efforts are implemented at the 
beginning of the infestation (Rejmanek and Pitcairn, 2002). The response plan should include 
pre-approval of appropriate eradication methods, including use of herbicides. The response plan 
should include development and pre-approval of permits necessary for management of those 
species most likely to be introduced to the lake, including Eurasian watermilfoil. 
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Table 9. Implementation, potential funding and estimated cost information for signs and brochures at 
Cullaby Lake. 
Prevention Method Implementation Potential Funding Estimated Cost Comments 
Education     
Signs 
CLR/PSU 
Clatsop County Parks 
Shoreline Homeowners Assoc 
Clatsop County Parks 
Shoreline Homeowners Assoc 
$1,800 
$100/yr 
maintenance 
Cost for design, 
creation & installation 
of two signs 
Brochure CLR/PSU Shoreline Homeowners Assoc Shoreline Homeowners Assoc $1,000 
Cost for design & 
printing 
Monitoring     
New Invasions     
Boat Ramps 
CLR/PSU 
Clatsop County Parks 
Shoreline Homeowners Assoc 
Shoreline Homeowners Assoc 
Clatsop County Parks $1000 
Cost for CLR staff to 
train landowners 
Whole Lake CLR/PSU Clatsop County Parks 
Shoreline Homeowners Assoc 
Clatsop County Parks $3,000 
Assumes 0.49 FTE grad 
student + travel 
Water Quality     
Annual 
Shoreline Homeowners Assoc 
CLR/PSU 
DEQ 
Clatsop County Parks 
Shoreline Homeowners Assoc. 
DEQ 
Clatsop County Parks 
$5,000 
Assumes 0.49 FTE grad 
student, travel and lab 
analysis 
Rapid Response     
Response Plan 
CLR/PSU 
Clatsop County Parks 
Shoreline Homeowners Assoc 
Clatsop County Parks 
Shoreline Homeowners Assoc 
$15,000 - 
30,000 
Assumes 0.49 FTE grad 
student 
 
Small scale control options 
Small scale or individual methods are weed control options that are best used in smaller 
areas where high intensity control is needed. Small scale or individual control methods include: 
benthic barriers, hand removal, cutting, and sediment agitation for submersed weed control and 
hand removal for emergent weed control. They are limited in scope by high cost per unit area, 
intensity or effort required. Individuals can use these methods to control both submersed and 
emergent aquatic weeds in front of homes and around personal docks to create areas for 
swimming, wading and boating. These methods are used throughout the growing season. The in-
water work window for Cullaby is July 1st through September 15th. Residents will need to seek 
an extension from ODFW of this work window to utilize these methods earlier in the growing 
season. All of these methods also require a permit from Clatsop County prior to beginning 
control. Benthic barriers and sediment agitation require permits from DSL and the USACE. 
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Submersed Weed Control 
Benthic barriers, hand removal, cutting and sediment agitation are best used in small 
areas due to costs per unit area and intensity or effort required. Use of benthic barriers is a high 
intensity method appropriate around docks and in swimming areas to create weed-free water, or 
to allow access to deeper, open-water areas from shore. Benthic barriers could be used for 
control of nuisance plants in the canal, but would need to be cleaned periodically to remove 
detritus from the overhanging trees.  
Benthic barriers could be used in the future spot treatment of weeds in the swimming area 
in Cullaby Lake County Park, and may be useful for control of the Brazilian elodea in the north 
basin of the lake. Detailed surveys of the size of the Brazilian elodea infestation are needed to 
determine if bottom barriers are cost effective. Other methods, such as herbicides, would be 
more appropriate in the infestation is larger than around 1000 ft2. 
Benthic barriers can be installed by the homeowner or by a contractor, and should 
provide season long control. Barriers should be installed early in the growing season, before the 
plants begin to grow. If installation is done later in the year the plants should be cut prior to 
installation. The barriers will require regular maintenance to prevent clogging of the screen by 
sediment and detritus because gases produced in the sediment and from decomposing plants may 
cause the barriers to balloon. Also, plants may begin to grow on top of the barriers if a sediment 
layer develops (Table 10). Barriers should be cleaned or removed at least once a year for repairs 
and maintenance. Mounting barriers on frames of PVC pipe filled with sand may facilitate 
installation and removal. A permit from Clatsop County is needed and a permit from DSL and 
the USACE is required since barriers are considered fill and the lake is designated as Essential 
Salmonid Habitat (Table 10). 
Hand cutting and hand raking could be used around docks and other small areas and areas 
a harvester cannot access, where watershield and fanwort are a problem. Hand cutting would 
work best for watershield since the stems are thick and tough and cutting will be easier than 
raking. Raking would work best for fanwort and any problematic native plants because raking 
will easily remove these types of vegetation and may have a more lasting effect since some roots 
may be removed. Cutting or raking will need to be done regularly to maintain clear areas, as the 
plants may grow back quickly. This is an inexpensive method that can easily be done by 
individual landowners (Table 10). Although watershield does not spread via fragments, the 
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fragments should be removed for aesthetic and ecological reasons. The decomposing fragments 
created using these methods can lead to unsightly and odorous water and shoreline conditions 
and decreased dissolved oxygen levels. A conditional use permit from Clatsop County is 
required. 
Battery-powered or boat-mounted cutters are a high intensity method that could be used 
around docks and in front of homes to create weed-free areas for swimming and recreation. Boat-
mounted cutters can be used to more quickly clear areas than is possible with hand pulling, 
cutting, and raking. A battery-powered or boat-mounted cutter could be purchased by the 
Shoreline Estates Homeowners Association and operated by a volunteer or rented out to 
homeowners for a small fee during the growing season (Table 10). Boat-mounted cutters can be 
used in deeper water or when the lake bottom presents a safety hazard. As noted above, plants 
may regrow rapidly and frequent cutting (two to three times per year) will be required for 
acceptable control. Watershield does not regrow quickly following cutting (Sytsma, personal 
observation) and repeated cutting of mixed stands of watershield and fanwort may lead to 
dominance by fanwort. A conditional use permit will be required from Clatsop County prior to 
cutting. 
Sediment agitation devices can provide high intensity control around docks and other 
floating structures. These powered, mechanical devices use a roller on the sediment surface or 
rakes or chains to regularly drag and break plants, which eventually causes their death. They are 
a recent innovation, and long-term efficacy and durability are unknown. The devices can be 
installed by the landowner, and periodically relocated to increase cost effectiveness. Weed rollers 
cannot be used where the bottom is uneven or where there are rocks or submersed obstacles. 
Devices that use rakes and chains may be ineffective on the tough, thick stems of watershield. 
Although manufacturers have not mentioned fragmentation of plants as a problem, fragments 
produced by the devices may need to be removed from the water for aesthetic reasons. 
Maintenance should be minimal if the lake bottom is clear of obstructions. Sediment agitation 
devices require permits from Clatsop County, DSL, and the USACE because the devices move 
sediment within the lake, which is designated as Essential Salmonid Habitat (Table 10). 
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Emergent Weed Control 
Knowledge of the location and extent of yellow flag iris and purple loosestrife around the 
lake is limited. Locating the populations of purple loosestrife and yellow flag iris should be the 
first step in control and eradication of these plants. Once the location of the emergent weeds is 
known, they can be controlled using hand removal methods. 
As with all invasive aquatic plants, the key to successful, cost-effective control is to begin 
efforts while populations are still small and manageable (Tu, 2003). The best control of purple 
loosestrife and yellow flag iris can be achieved using a combination of control methods. It is 
critical that any control effort be conducted for several years since the initial control effort may 
miss some plants, some plants may survive treatment and, new seedlings may sprout from the 
seed bank (Bender and Rendall, 2001). 
Hand digging and pulling of small clumps of purple loosestrife and yellow flag iris 
around the lake can be effective. If hand digging is not feasible, clipping of flower heads before 
plants set seed can be effective in slowing the spread of seeds. Seed pods of yellow flag iris can 
also be clipped. Plants can be flagged when in bloom for easy identification. Flowers and any 
seed pods should be removed and then flagged plants can be dug up in the fall prior to dieback, 
when the ground is softer and digging and pulling are easier. All plant fragments including 
stems, roots and rhizomes should be bagged and disposed of properly. Plant fragments should 
not be composted because any fragments, flowers or seeds may lead to the spread of these plants. 
Purple loosestrife will re-root from the smallest rhizome fragments and broken stems. Yellow 
flag iris can easily propagate from small rhizome fragments 
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Table 10. Implementation, potential funding and estimated costs for small scale/ individual options for weed control Cullaby Lake. 
Method Implementation Potential Funding Estimated Cost Comments 
Benthic Barriers     
Application Prep: $0 SHA  fills out application 
DSL Permit 
Shoreline Homeowners Assoc (SHA) 
DSL (in consultation w/ ODFW, NOAA & 
USFWS) 
SHA 
Review:$50 - $600a Cost for DSL review 
Application Prep: $0 Same as DSL application Army Corps Permit SHA, Army Corps (in consultation w/ ODFW, NOAA & USFWS) SHA Review:$0 - $100a Cost for USACE review 
Application Prep: $0 SHA fills out application Clatsop Co. Permit Shoreline Homeowners Assoc. Clatsop Community Development SHA Review: up to $881a Cost for County review 
Materials & maintenance Shoreline Homeowners Assoc. Individual Landowners 
SHA/ Individual 
Landowners 
$750 – 1,250 
$150/ yr maintenance 
Cost for materials for 500 ft2 area; does 
not include costs for 
construction/installation time 
Hand Removal     
Application Prep: $0 SHA fills out application Clatsop County Permit Shoreline Homeowners Assoc Clatsop Community Development SHA Review: up to $881a Cost for County review 
Raking Shoreline Homeowners Assoc. Individual Landowners 
SHA/ Individual 
Landowners 
$50 - $170 
(individual cost) 
Cost for rake only, does not include costs 
for time required for raking 
Cutting Shoreline Homeowners Assoc. Individual Landowners 
SHA/ Individual 
Landowners $120 – 180 (individual cost) 
Cost for cutter only, does not include 
costs for time required for cutting 
Clipping/digging purple 
loosestrife 
Shoreline Homeowners Assoc 
Individual Landowners 
Individual 
Landowners $50 - $150 Cost includes equipment, time & disposal 
Cutting     
Application Prep: $0 SHA fills out application 
Clatsop County Permit Shoreline Homeowners Assoc. SHA 
Review: up to $881 a Cost for County review 
Battery-powered cutter Shoreline Homeowners Assoc. Individual Landowners 
SHA/ Individual 
Landowners $2,000 
Cost for cutter only, does not include 
costs for time required for cutting 
Boat-mounted cutter Shoreline Homeowners Assoc. Individual Landowners 
SHA/ Individual 
Landowners $1,500 - $1,800 
Cost for cutter only, does not include 
costs for time or gas 
Sediment Agitation     
Application Prep: $0 SHA  fills out application 
DSL Permit SHA, DSL (in consultation w/ ODFW, NOAA & USFWS) SHA Review:$50 - $600a Cost for DSL review 
Application Prep: $0 Same as DSL application Army Corps Permit SHA, Army Corps (in consultation w/ ODFW, NOAA & USFWS) SHA Review:$0 - $100a Cost for USACE review 
Application Prep: $0 SHA fills out application Clatsop County Permit Shoreline Homeowners Assoc. Clatsop Community Development SHA Review: up to $881a Cost for County review 
Weed roller or lake rakes Shoreline Homeowners Assoc. Individual Landowners 
SHA/ Individual 
Landowners $2,000 - $3,000; $200/yr electricity & maintenance 
Cost for machine, does not include 
installation or site prep costs 
Weed chains Shoreline Homeowners Assoc. Individual Landowners 
SHA/ Individual 
Landowners $1,300; $200/yr electricity & maintenance 
Cost for machine, doesn’t include 
installation or site prep costs 
a Price of review varies depending on type of permit required 
Cullaby Lake Integrated Aquatic Vegetation Management Plan 
 71
Large-scale control options 
Mechanical harvesting is recommended for control of aquatic vegetation in shallow, 
offshore areas to maintain access to deeper, weed-free areas of the lake for boating. Harvesting 
of ten acres of fanwort and watershield in the narrow neck between the north basin and middle 
basin would be required to provide boat lanes from the canal and the boat ramp in the north basin 
(Figure 7) (Table 11). This area was selected as the area that receives the greatest amount of boat 
traffic. Harvesting this area will maximize boat access while minimizing costs. As noted above, 
harvesting areas of mixed fanwort and watershield beds may result in loss of watershield and a 
shift to fanwort domination of the site. The window for in-water work in Cullaby Lake (a 
tributary of Young’s Bay) recommended by ODFW is July 1st through September 15th, which 
includes the period of most intense recreational use of the lake. Harvesting before July 1st would 
require an exception to the in-water work window from the ODFW. To ensure minimal impact to 
stocked trout, harvesting should be coordinated with ODFW’s trout stocking schedule. Two to 
three harvests during the season will likely be required to maintain open water. The frequency of 
harvest will depend upon the rate of regrowth of the fanwort and watershield. 
Aquatic plants probably provide some suppression of algae abundance in nutrient-rich 
Cullaby Lake (Johnson et al, 1985). Harvesting vegetation may cause a shift from a plant-
dominated to an algae-dominated system. Such shifts in shallow lake “stable state” are well 
documented (Scheffer 1998). Algae blooms are already common in Cullaby Lake, and plant 
harvesting may lead to an increase in bloom frequency and duration. Algae blooms degrade 
water quality and when toxic algae species are present they can result in closure of lakes due to 
human health concerns. The relationship between plants and algae is not well understood, and it 
is not known how much vegetation can be removed before an increase in algae abundance 
occurs. An adaptive approach to harvesting is recommended. This approach requires monitoring 
of lake water quality to better define the algae/plant relationship. The area harvested should be 
decreased if monitoring reveals an increase in algae abundance in the lake. Harvesting ten acres, 
coupled with the small-scale and individual treatments around docks and along waterfront is 
unlikely to result in stimulation of algae in the lake. 
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Table 11. Implementation, potential funding and estimated costs for large scale weed control options in Cullaby Lake. 
Large scale Methods Implementation Potential Funding Estimated Cost Comments 
Harvesting     
Application 
Prep: $0 SHA fills out application 
Clatsop County Permit 
Shoreline Homeowners Assoc. 
Clatsop Co. Community 
Development Dept. (in consultation 
w/ ODFW, NOAA Fisheries & 
USFWS) 
Shoreline Homeowners Assoc Application: 
up to $881 a Cost for County review 
Harvesting Shoreline Homeowners Assoc. Private Contractor 
Shoreline Homeowners Assoc. 
Skipanon Watershed Council b 
Clatsop Soil & Water 
Conservation District b 
$54,000 - 
$60,000 
Based on range of $1,800 to 
$2,000 per acre for 10 acres, 3 
times per season 
Disposal Shoreline Homeowners Assoc. Private Contractor 
Shoreline Homeowners Assoc. 
Skipanon Watershed Council b 
Clatsop Soil & Water 
Conservation District b 
$11,046 for 
dry material 
Disposal to local landfill at 
$70 per ton; average biomass 
of 5.26 dry tons/acre (Wetzel, 
2001) of 6.5 acres harvested, 
3 times per season 
a Price of review varies depending on type of permit required 
b These organizations can assist with locating and obtaining grant funds for weed management.
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Figure 7. Suggested area of harvesting in Cullaby Lake to maintain boat access. 
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Implementation and Evaluation 
Implementation of this plan and the recommended weed control efforts will require 
management. The first step should be to create a committee to initiate the management plan. This 
committee should include members of Shoreline Estates Homeowners Association, Clatsop 
County Parks, Skipanon Watershed Council, Clatsop County Water Control District, CLR, 
ODFW, and DEQ. This committee can assist in developing funding strategies and identifying 
additional funding sources such as grants or loans from public agencies. The implementation of 
the IAVMP for Cullaby Lake should follow the timeline below as closely as possible (Table 12). 
Timing is important in the implementation of the plan. Rules and regulations require permits for 
many of the recommended treatment methods. The Implementation Committee, Shoreline Estate 
Homeowners Association and landowners will need to obtain these permits prior to the start of 
any control efforts.  
The committee should begin the process of obtaining a Conditional Use Permit from 
Clatsop County for all of the recommended methods and joint DSL and USACE permits for 
benthic barriers and sediment agitation devices. Hand removal and cutting can begin as soon as 
the required permit from the county is obtained. Benthic barriers and sediment agitation devices 
can be assembled during the DSL/USACE permit process and installed once the permit is 
granted. Funding for harvesting should be obtained during this process. Harvesting should be 
conducted as early as feasible based on the recommendations in this plan, and any 
recommendations by ODFW and the operator. 
Once harvesting has begun, it will be important to monitoring the water quality for any 
increases in algae growth. Shoreline Estates Homeowners Association and the Skipanon 
Watershed Council should work with DEQ to create a monitoring plan that will sample the water 
at least once during the summer. This will reveal any short-term changes in water quality caused 
by management activities and over time will provide a long-term record of lake water quality. 
This information would allow managers to adapt their management strategy to minimize aquatic 
weed management impacts on lake water quality. Regular aquatic plant monitoring would also 
reveal any changes in the abundance and distribution of watershield, fanwort, and the native 
plant community over time from management activities (Table 12). 
The education and rapid response plans outlined here should be fully developed and 
implemented in 2005, focusing on signage at the boat ramps and education of lake users and 
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landowners within the watershed (Table 13). Once large scale treatment has begun, it will be 
important to prevent the introduction of new invaders to the lake through prevention. 
Overall, the plan should be flexible and adaptive to any changes in the lake and any other 
factors, such as changes in federal, state or local policies, laws, or permit requirements. At each 
step, the management plan and its effectiveness in following the management goals for the lake 
should be evaluated. The plan should be altered based on any discoveries of more appropriate 
methods or based on any changes in the plant population or in the lake, such as the introduction 
of invasive species or a shift in the stable state of the lake to a turbid, algae dominated state. 
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Table 12. Suggested approximate timeline for first two years of implementation of recommended weed control activities in Cullaby Lake. 
2004 2005 
Activity Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Create IAVMP Implementation 
Committee X                    
Clatsop County Permit for all weed 
removal methods X                    
ODFW Extension on In-water work 
window for weed removal X                    
Individual Actions                                     
Hand Removal  X X       X X X X X X X     
Cutting  X X       X X X X X X X     
Benthic Barriers                     
DSL/Army Corps permit X                    
Placement  X         X          
Maintenance   X         X X X X      
Removal   X             X     
Sediment Agitation Devices a                     
DSL/Army Corps permit X                    
Placement  X         X X         
Operation & Maintenance   X         X X X X      
Removal   X             X     
Large Scale Treatment                                     
Harvesting             X  X  X     
Implement Annual Water Quality 
Monitoring               X       
Implement Plant Community 
Monitoring                            X         
Prevention                                     
Create brochure and sign for boat ramp       X X            
Implement prevention monitoring plan            X    X     
Create Rapid Response Plan       X X X           
Implement Rapid Response Plan                   X                 
acontact DEQ regarding updated turbidity standards and any permit requirements prior to starting 
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Table 13. Estimated costs of implementing the recommended activities for managing aquatic weeds in Cullaby Lake. Values represent an average of the 
and include all costs for that method listed in the recommendation section above. 
Activity Implementing Entity 2004 2005 2006 2007 - 
Create IAVMP Implementation Committee Shoreline Estates Homeowners Assoc $0 $0 $0 $0 
Obtain Clatsop County Permit for all weed control 
methods Shoreline Estates Homeowners Assoc $881 $0 $881 $0 
Obtain DSL/USACE joint removal fill permit   $425 $0 $0 $0 
Bottom barriers Individual Landowners $1,000 $150 $150 $150 
Hand removal techniques Individual Landowners $130 $50 $50 $50 
Cutting techniques Individual Landowners $1,750 $250 $250 $250 
Sediment agitation  devices Individual Landowners $2,150 $200 $200 $200 
Implement  education plan Shoreline Estates Homeowners Assoc $0 $2,8600 $100 $100 
Implement new invasion monitoring plan Shoreline Estates Homeowners Assoc $0 $1,000 $4,000 $1,000 
Implement annual water quality monitoring plan Shoreline Estates Homeowners Assoc $0 $5,000 $5,000 $5,000 
Create and implement rapid response plan Shoreline Estates Homeowners Assoc $0 $22,500 $0 $0 
Large Scale Treatment: Harvesting Shoreline Estates Homeowners Assoc $0 $68,000 $68,000 $68,000
Total Cost   $6,336 $99,950 $78,631 $74,750
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Introduction 
This integrated aquatic vegetation management plan (IAVMP) was developed as part of a 
larger study of four lakes in the Clatsop Plains area on the north coast of Oregon. Three of the 
lakes, Cullaby, Sunset and Smith, are listed on the Oregon Department of Environmental 
Quality’s (DEQ) 303-d list for impaired water quality, specifically for abundant growth of 
invasive, non-native, aquatic plants. The fourth lake, Coffenbury, was selected as a control lake 
for comparative purposes in the study since it is located within a state park and was presumed to 
be relatively undisturbed. The larger project also included characterization of water quality in the 
four lakes, a description of groundwater influence on nutrient concentrations in the lakes, and 
description of potential activities in the watershed that could contribute to eutrophication of the 
lakes. 
Like most coastal Oregon lakes, non-native aquatic plants, including noxious weeds, have 
invaded the lakes in the Clatsop Plains. The weeds degrade beneficial uses of the lakes and were 
a criterion for 303-d listing. Therefore, aquatic vegetation management plans were a critical 
element of the overall project. Sunset Lake has one floating and two emergent invasive, non-
native aquatic plants that are limiting the beneficial uses of the lake, including swimming, 
boating, fishing and aesthetics. The management plan for Sunset Lake focuses on utilizing a 
combination of physical and mechanical control methods for managing the problem plants, 
together with monitoring and education to prevent the introduction of new invasive weeds. 
Plans were prepared for all four lakes following methods described in A Guide for 
Development of Integrated Aquatic Vegetation Management Plans in Oregon, (Gibbons et al, 
1999). Results of groundwater and water quality sampling conducted as part of the larger project 
can be found in Clatsop Lakes Vegetation and Water Quality Management (Sytsma and Petersen. 
2004), which is available from DEQ or the Center for Lakes and Reservoirs at Portland State 
University (CLR). 
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Problem Statement  
Beneficial uses such as boating, fishing, swimming, aesthetics and fish and wildlife 
habitat are negatively impacted by fragrant waterlilies (Nymphaea odorata), which have been 
present in Sunset Lake for more than 40 years. Over that time, they have come to pose a 
significant problem to boaters, landowners and businesses around the lake as the area they cover 
has increased. Fragrant waterlilies limit boating on the lake by reducing mobility in the narrow 
areas of the lake. The waterlilies surround personal docks, decreasing accessibility to open water 
boaters. On the east and west side of the lake, north of the bridge, and in the middle where the 
lake narrows, the waterlilies severely impede movement of watercraft, including kayaks and 
canoes. It is extremely difficult to use a motor in these sections of the lake, as the fragrant 
waterlilies tangle and clog the prop and intake. Lake users and residents worry about the safety 
of boating in the fragrant waterlilies, which could endanger the life of the boaters if their kayak 
or boat were tipped over. Boaters have been observed flushing their motors in the lake after 
fishing in the Columbia River, where Eurasian water milfoil (Myriophyllum spicatum) is present. 
This increases the possibility of another invasive aquatic plant being introduced into Sunset 
Lake. 
Swimming is unappealing in the fragrant waterlily beds, which grow in abundance along 
the shore in the middle and north end of the lake. The soft mud along the shorelines caused by 
increased sedimentation around the fragrant waterlily beds, is unappealing to walk in and limits 
access to open water for swimming. Residents and lake users worry about the safety of 
swimming in the waterlilies, which could entrap and tangle a swimmer. 
Fishing in the lake is difficult, as the lilies tangle fishing line, leading to lost tackle and 
lost money. For people who fish from shore, it is possible to cast beyond the lily beds, but then 
fish and tackle are lost as they attempt to reel in. A yearly bass fishing tournament in May, along 
with regular fishermen who frequent the lake, bring revenue to the nearby RV Park and bakery. 
These lake users come to the lake in search of trophy fish. The continued growth of the lilies 
could limit the number of trophy size fish and the amount of available fishing areas, leading to 
decreased revenue for the RV Park and bakery. In addition to the impact on fish, residents have 
noticed other wildlife are impacted by the abundant growth of fragrant waterlilies. Wood ducks 
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have difficulty getting from open water to their nesting areas, both natural and manmade through 
the weed beds. 
Aesthetics on the lake have decreased as the cover of the fragrant waterlilies has 
increased. Several businesses depend on lake aesthetics to draw visitors, including the Astoria 
Golf and Country Club, the local bakery and the Sunset Lake RV Park, which rents boats for use 
on the lake. Camp Rilea on the north end of the lake has an important rental facility on the north 
end of the lake. The lake is covered with waterlilies throughout much of the year. Many 
landowners cannot see open water from their houses and they are concerned that this loss in 
aesthetic value will reflect poorly on the value of their property. The Astoria Golf and County 
Club, along with several other residents, utilizes the lake water for irrigation purposes and is 
concerned that the sedimentation brought about by the fragrant waterlilies is causing the lake to 
fill in. Over the long term, they worry that the lake may fill in enough that eventually the amount 
of available water will be reduced. 
Yellow flag iris (Iris pseudacorus) and purple loosestrife (Lythrum salicaria), are two 
invasive, emergent, aquatic plants present along the shore of the lake. Growth of yellow flag iris 
is particularly abundant along the east side of the lake, in front of the golf course. These plants 
crowd out native vegetation, provide limited habitat to wildlife and convert open water to marsh 
by trapping sedimentation. 
 
Management Goals 
The overall management goal is to control the invasive weeds in Sunset Lake in a manner 
that allows native plant and animal communities to thrive, maintains water quality and facilitates 
recreational enjoyment of the lake. 
There are several general strategies that are key to the success of this main goal: 
• Involve the community in each phase of the management process 
• Identify and understand the likely effects of management actions on the lake ecosystem 
prior to implementation 
• Select management methods that are environmentally sensitive and cost effective 
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• Reduce overall costs by utilizing volunteer labor when possible and seek grant funds 
from various sources 
• Monitor the results of any management actions 
• Review the effectiveness of any management actions 
• Adjust the management strategy as necessary to achieve the overall goal and to reflect 
any knowledge gained from the other strategies 
 
There are also several specific goals for the lake: 
• Increase the recreational and aesthetic enjoyment of the lake by reducing the cover of 
fragrant waterlilies 
• Improve fish and wildlife habitat by decreasing the density and abundance of fragrant 
waterlilies 
• Increase and maintain watercraft mobility in the lake by reducing the cover of fragrant 
waterlilies in the narrow areas near the middle and southern ends of the lake and the 
northern end of the lake  
• Increase and maintain watercraft mobility to near shore areas by decreasing the density 
and abundance of fragrant waterlilies in those areas 
• Control purple loosestrife and yellow flag iris around the lake 
 
Community Involvement 
Community Commitment 
Within the community on Sunset Lake, there are many who are concerned with the state 
of the lake, and many who are working to preserve the water quality of the lake. The Head 
Greens keeper at Astoria Golf and Country Club has worked since 1995 to carefully manage the 
golf course and 14 acres owned by the Country Club to have the least impact on the water quality 
of Sunset Lake. He works with his grounds crew to limit the amount of fertilizer, pesticides and 
herbicides placed on the grass at the Country Club. Insecticides have not been used for the last 
eight years. Aeration and biocontrol predators techniques have been used instead to manage 
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insect pests on the course. In addition, they try to use organic based and bioproducts as much as 
possible. They are careful of the timing of the application of fertilizers, and look for products that 
have a short half-life and limited leaching. All of the water that falls onto the greens is captured 
in catch basins, which drain to constructed wetlands where settling and filtering takes place. 
Buffers along the lake edge limit potential direct leaching of chemicals from the course. 
The Oregon Military Department at Camp Rilea on the north end of the lake has a natural 
resources management plan for the base, which includes some water resources management. 
Their spray field, used for waste disposal, is carefully monitored on a regular basis to ensure 
there is no contamination of the groundwater. The spray field is also planted with vegetation that 
readily takes up nitrogen. Recent data suggest that the plants are efficiently removing all of the 
nitrogen from the waste (Arnold, 2004). 
Residents have continued to work with the CLR and DEQ to investigate the water quality 
and weed problems in the lake. In 2001, the CLR collaborated with DEQ to obtain grant funding 
from the U.S. Environmental Protection Agency (EPA). This funding was used to write 
IAVMP’s and to study the water chemistry of Sunset Lake and three other lakes in the Clatsop 
Plains. The project began in 2002 and residents have worked with CLR staff on this plan by 
providing information and attending community meetings. 
Residents attended one community wide meeting in July 2003 conducted by CLR and 
DEQ staff, which described the Clatsop Plains Lakes Project and encouraged the involvement of 
Sunset Lake residents in the project. Some residents also attended two Skipanon Watershed 
Council meetings in February and May of 2003. Copies of the final Clatsop Plains study were 
provided to residents of the lake and the Necanicum Watershed Council. 
 
Steering Committee 
A steering committee was formed that represented the community involved with the lake. 
The steering committee assisted in the development of the problem statement and management 
goals for the lake and reviewed the management plan. The first steering committee meeting was 
held in August 2003. The steering committee included the following members: 
• Karen Beck, Landowner 
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• Hugh and Carol Seppa, Landowners 
• John Whisler, Head Greenskeeper, Astoria Golf & Country Club 
• Judy Tuntz, Landowner 
• Cookie Ballard, Landowner 
• John and Lorrie Morris, Landowners 
• Zoe Manhire, Landowner 
Watershed and Waterbody Characterization 
Introduction 
Sunset Lake (historically Neacoxie Lake) is a long, narrow, interdunal lake similar to 
Smith and Coffenbury Lakes. The Pacific Ocean lies approximately a quarter of a mile to the 
west while Highway 101 is to the east (Figure 1). It is unusually long, approximately three miles, 
and sits between relict sand dunes that run north and south. The lake is a popular recreation spot 
for local residents, particularly for fishing and boating. 
Columbia River
Pacific Ocean
OregonSeaside
Astoria
Smith Lake
Cullaby Lake
Sunset Lake
Coffenbury Lake
 
Figure 1. Study area including Sunset Lake. 
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Sunset Lake Watershed 
The watershed surrounding Sunset Lake is mostly grassland and scrub/shrub vegetation 
such as shore pine. Between five and seven percent of the watershed is forested with evergreen 
trees, defined as species that maintain their leaves throughout the year, and less than one percent 
of mixed forest. Human development in the watershed is concentrated in a few areas. Surf Pines 
Estates is a large gated community on the west shore, between the lake and the beach. Houses 
are also concentrated around the middle of the lake, near the RV park and bakery. The remaining 
houses are scattered along the shore. According to NOAA’s Coastal Change Analysis Program 
(1993), 11 percent of the area 400 meters from the shoreline has been developed to some extent; 
the greatest of all the Clatsop Plains Lakes. All residences utilize septic tanks for waste disposal. 
The lake and the land surrounding it are underlain by highly porous sand, aiding in easy mixing 
between the septic tank effluent and the groundwater. The effluent is a potential nutrient source 
to the lake. There are a few wetlands in the watershed located on the south end (Figure 2), 
mainly palustrine scrub/shrub and emergent wetlands, with some palustrine, forested wetlands. 
 
Water Quality 
Water quality in Sunset Lake was characterized at two sampling sites during seven 
sampling events in 2003. Data collected included temperature, oxygen, water clarity, ions, pH, 
conductivity, nutrients, and algae. Based on the data, the lake can be classified as a highly 
eutrophic1 lake. There were significant differences between water quality parameters at the two 
sampling sites. Differences between each of the sites’ morphology and development influence 
the water quality of the lake.  The mid-lake site is shallower, has higher macrophyte biomass, 
and more human development than the south basin site.  As a result, higher nutrient 
concentrations and dissolved oxygen problems were observed at the mid-lake site.  Surface water 
dissolved oxygen concentrations were below 8 mg/l on two occasions at the mid-lake site while 
concentrations were near saturation at the south basin site.  Thermal stratification was present 
during the summer at both sites leading to internal nutrient loading from the sediments.  Average 
annual total phosphorus concentrations were 60% higher at the mid-lake site than at the south 
basin site. This corresponds to the different algae populations found in previous studies. McHugh 
                                                 
1 Eutrophic: high concentration of nutrients supporting high biological activity (Kalff, 2002) 
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(1972) found considerably different species of algae at each end of the lake. Previous studies 
have found high coliform bacteria counts in the lake. Although no definitive cause was 
determine, it was thought that runoff from farmland or waterfowl could be contributing to the 
high counts (Johnson et al, 1985). Detailed discussion of the water quality of Sunset Lake can be 
found in the Watershed Characterization chapter of the Clatsop Lakes Vegetation and Water 
Quality Management (Sytsma and Petersen, 2004). 
 
Fish and Wildlife 
Information regarding use of the lake by fish and wildlife comes mainly from 
observations made during sampling. Osprey, bald eagles, blue heron, Canadian geese, swallows, 
king fishers and many different types of ducks use the lake. Informal counts of duck numbers 
during water quality and plant sampling on the lake observed a range of 75 to 150 individual 
ducks. Fish in the lake include warm water fish such as largemouth bass, black crappie, brown 
bullhead, and yellow perch (ODFW, 2003). In addition, rainbow trout are regularly stocked in 
the lake, including three times in 2003 (ODFW, 2003b). Deer and elk are regularly spotted 
around the lake and have become a nuisance to some residents because they eat many 
ornamental plants. Elk have been seen several times swimming across the lake and wading in the 
shallows. Further detail can be found in the Watershed Characterization section of the Clatsop 
Lakes Vegetation and Water Quality Management (Sytsma and Petersen, 2004). 
 
Beneficial uses 
Swimming is most popular in the middle of the lake, near the boat ramp and bridge. 
Although there is no designated swimming area local children frequently swim in the lake. Some 
residents swim around their personal docks and in front of their homes. Boating, including 
kayaking and canoeing, are popular pastimes on the lake. The Sunset Lake RV Park, located on 
the west shore of the lake, rents boats to the public during the summer months. 
Fishing is a popular beneficial use in the lake, particularly for warm water fish such as 
largemouth bass. At the beginning of May, a local bass club holds an annual bass fishing derby 
at the lake. People frequently fish from the docks on the west side of the lake, on either side of 
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the bridge. A small park on the west side of the lake has the only boat ramp on the lake, as well 
as picnic tables, a volleyball net and playground (Figure 2). 
Aesthetics are an important use for both residents and the public. The Sunset Lake RV 
Park uses the aesthetics of the lake as one of its key factors to entice visitors. The Astoria Golf 
and Country Club, located on the east side of the lake, relies on the lake as a key aesthetic part of 
its golf course. Aesthetics are the main reason many of the residents moved to the lake. 
Another beneficial use within the watershed is agriculture. There are two agricultural use 
areas on the east side of the lake: at the north and south ends. These grassland areas are mainly 
used for cattle pasture. The Astoria Golf and Country Club, along with several residents, have 
water rights for irrigation and other uses. 
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Figure 2. Beneficial use areas for Sunset Lake and the surrounding watershed. 
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Aquatic Plant Characterization 
Methods 
The aquatic plant community in Sunset Lake was surveyed on June 9, 10 and 17 and 
August 17, 2003, using an adaptive sampling protocol described in detail in Clatsop Lakes 
Vegetation and Water Quality Management (Sytsma and Petersen. 2004). A unique set of 160 
randomly selected GPS locations were surveyed in June and 140 locations in August. The 
number of locations was reduced in August to maximize sampling efficiency, based on the lack 
of plants found at depths greater than 4.2 meters in June. Sample locations for August were 
located equal to or shallower than 4.5 meters. CLR staff used a small boat to access the lake and 
a plant rake tethered to a rope was used to obtain plant samples at each location. Plants in the 
samples were identified to species and estimates of abundance made for each species using a 1 to 
5 scale according to the rake coverage methods described in Deppe and Lathrop (1992). The 
abundance value was assigned based on the extent of coverage on the rake head. A species that 
covered 1 to 20 percent of the rake head was assigned an abundance value of 1, a value of 2 for 
21 to 40 percent, 3 for 41 to 60 percent; a 4 for 61 to 80 percent and a 5 for 81 to 100 percent 
coverage. 
For those species that could not be identified in the field, specimens were collected and 
brought back to the lab for further examination. Voucher specimens of each species were 
collected and deposited into the herbarium at PSU. Identification was based on keys from 
Washington Department of Ecology (WDOE) (2001), Cooke (2003), Hitchcock and Cronquist 
(1991), Crow and Hellquist (2000), and Guard and Steen (1996). 
 
Results and Discussion 
Plant survey data were mapped using GIS software. Random site selection and adaptive 
sampling protocol allowed presence/absence data to be used to provide estimates of percent 
cover (Madsen, 1999), calculation of confidence limits on percent cover estimates and permitted 
statistical comparison of species cover within and among lakes. 
Three non-native plant species were found at Sunset Lake: fragrant waterlily (Nymphaea 
odorata), water celery (Vallisneria americana) and pond water starwort (Callitriche stagnalis). 
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The most frequent and abundant of these species was fragrant waterlily. Four native species were 
present at a minimum of 15 percent cover: Nuttall’s waterweed (Elodea nuttallii), coontail 
(Ceratophyllum demersum), stonewort (Nitella spp.) and flat stem pondweed (Potamogeton 
zosteriformis). The remaining species were native and present at low frequency and abundance. 
Fragrant waterlily was present between 40 and 55 percent cover and at high abundance 
during both sampling events (Table 1 and Table 2). This abundant growth makes boating 
difficult in the narrow areas and along the shore of the lake (Figure 3). There were several areas 
of the lake that contained no fragrant waterlily (Figure 3), particularly the south end of the lake. 
These areas are probably deeper than fragrant waterlily is able to grow because of light 
limitation. Fragrant waterlily had the greatest depth distribution in June, growing as deep as 4.2 
meters (Table 1). 
Water celery was present between 9 percent and 14 percent cover at both sampling events 
(Table 1 and Table 2). It was not found in the northern end of the lake, and was more prevalent 
in the shallow areas near the lakeshore (Figure 4). Water celery was found at only one other lake 
in the study, Coffenbury Lake, where it was present at higher percent cover (30 and 39 percent) 
than in Sunset. 
Even though water celery is not native, it is common in many coastal lakes.  The online 
Oregon Vascular Plant Database lists water celery in two lakes in Clatsop County (OSU, 2003). 
A historical aquatic plant survey of a “lake near Gearhardt” in 1951 found water celery in the 
lake, indicating that water celery has been present in Clatsop County for over 50 years. Another 
plant survey in 1998 found water celery in Slusher Lake in Camp Rilea. Slusher Lake has limited 
access due to its presence on Oregon Military Department (OMD) property. This indicates that 
water celery may have been introduced through any number of pathways prior to OMD obtaining 
the property. 
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Table 1. Percent cover, 95% confidence limits (CL) and depth distribution of plant species in Sunset Lake on 
June 9, 10 and 17, 2003. 
Common Name Scientific Name Percent Cover Lower CL Upper CL 
Depth distribution 
(meters) 
Fragrant waterlily Nymphaea odorataa 44% 36% 52% 0.5 - 4.2 
Nuttall’s waterweed Elodea nuttallii 27% 20% 34% 0.5 - 3.9 
Coontail Ceratophyllum demersum 26% 20% 34% 0.6 - 3.9 
Stonewort Nitella spp. 24% 18% 32% 0.5 - 4.0 
Flat stem pondweed Potamogeton zosteraformis 16% 11% 23% 0.5 - 4.0 
Water celery Vallisneria americanaa 9% 5% 14% 0.6 - 3.0 
Thin leaved pondweeds Potamogeton spp b 6% 3% 11% 0.5 - 3.9 
Richardson’s pondweed Potamogeton richardsonii 4% 1% 6% 0.8 - 2.3 
Needle spikerush Eleocharis acicularis 4% 1% 6% 0.5 - 1.1 
Yellow pond lily Nuphar polysepala 3% 0% 6% 0.5 - 2.4 
Rush Juncus spp. 3% 0% 5% 0.5 - 1.2 
Lesser duckweed Lemna minor 3% 0% 5% 0.8 - 1.9 
Pond water starwort Callitriche stagnalisa 1% 0% 3% 2.7 
 
Table 2. Percent cover, 95% confidence limits (CL) and depth distribution of plant species in Sunset Lake on 
August 17, 2003. 
Common Name Scientific Name Percent Cover Lower CL Upper CL 
Depth distribution 
(meters) 
Fragrant waterlily Nymphaea odorataa 54% 46% 62% 0.6 - 3.9 
Nuttall’s waterweed Elodea nuttallii 44% 36% 52% 0.5 - 3.8 
Coontail Ceratophyllum demersum 39% 31% 47% 0.5 - 3.9 
Stonewort Nitella spp. 36% 28% 44% 0.5 - 3.9 
Flat stem pondweed Potamogeton zosteraformis 27% 20% 34% 0.5 - 3.9 
Water celery Vallisneria americanaa 14% 8% 20% 0.5 - 3.3 
Thin leaved pondweeds Potamogeton spp. b 9% 4% 14% 0.5 - 3.5  
Slender water-nymph Najas flexilis 7% 3% 11% 0.5 - 3.3 
Lesser duckweed Lemna minor 6% 2% 10% 0.8 - 2.2 
Rush Juncus spp. 4% 1% 7% 0.5 - 1.5 
Richardson’s pondweed Potamogeton richardsonii 3% 0% 6% 0.8 - 2.3 
Spikerush Eleocharis spp.  3% 0% 6% 0.6 - 3.1 
Yellow pond lily Nuphar polysepala 1% 0% 4% 0.9 
Pond water starwort Callitriche stagnalisa 1% 0% 4% 2.2 
Speedwell Veronica spp. 1% 0% 4% 0.5 
Water grasswort Lilaeopsis occidentalis 1% 0% 4% 0.5 
Mudwort Elatine spp. 1% 0% 4% 0.5 
Quillwort Isoetes spp. 1% 0% 4% 0.5 
a Non-native species 
b mix of P. pusillus, Stuckenia filiformis and S. pectinata 
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Figure 3. Fragrant waterlily (Nymphaea odorata) distribution and abundance in Sunset Lake in 2003.  The 
X’s represent sampling sites where the plant was absent. Points represent sites where the species was found, 
and point size corresponds to the abundance value of the species at that site. 
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Figure 4. Water celery (Vallisneria americana) distribution and abundance in Sunset Lake in 2003.  The X’s 
represent sampling sites where the plant was absent. Points represent sites where the species was found, and 
point size corresponds to the abundance value of the species at that site. 
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Water celery is a common aquarium plant, and has been planted in Midwest and East 
coast lakes as waterfowl food (McComas, 2001). Water celery could have been introduced to 
Sunset Lake through several ways. Nearby Slusher Lake was used as a popular duck hunting site, 
and waterfowl enthusiasts may have planted water celery as a food source. Deliberate planting of 
water celery into Sunset Lake could have occurred for this same reason. In addition, birds and 
other wildlife can easily transport small water celery plants. Boats, trailers and other watercraft 
can be additional vectors for introduction. 
Like water celery, pond water starwort is a non-native plant that generally is not 
considered problematic in the Pacific Northwest. It is not listed on the noxious weed lists of any 
of the coastal western states and does not appear to be problematic to humans. It was introduced 
from Europe and is now widespread throughout North America (WDOE, 2001). It was first 
found on the west coast in Oregon in 1871 and the first confirmed location was in Clatsop 
County in 1902 (Philbrick et al, 1998), indicating that it has been in Clatsop County for more 
than 100 years. It was found at only one percent cover during both sampling events (Table 1 and 
Table 2) in shallow, nearshore areas. 
Four native species were present at greater than 15 percent cover. Nuttall’s waterweed 
increased from 27 percent cover in June to 44 percent in August (Table 1 and Table 2). Coontail 
was present between 26 and 39 percent cover, while stonewort, a macroalgae, was present 
between 24 and 36 percent cover (Table 1 and Table 2). Flat stem pondweed was present 
between 16 and 27 percent cover. 
Sunset Lake has two emergent, invasive, aquatic plants: yellow flag iris and purple 
loosestrife, both present along the edges of the lake. Yellow flag iris was observed in flower as 
early as March 2003 and was most abundant in nearshore areas adjacent to the golf course and 
along the narrow middle of the lake. Clumps of purple loosestrife were present south of the 
middle of the lake along the shore. Yellow flag iris and purple loosestrife displace native species 
along the margins of lakes and provide minimal wildlife habitat (WDOE, 2003). They increase 
sedimentation around their roots, enabling them to colonize open water over time. 
The plant species in Sunset Lake showed definite seasonality. Five species were found in 
August but not in June: slender water-nymph (Najas flexilis), speedwell (Veronica spp.), water 
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grasswort (Lilaeopsis occidentalis), mudwort (Elatine spp.), and quillwort (Isoetes spp.). The 
number of species found in the lake during sampling increased between June and August (Figure 
6). The total number of species in Sunset Lake increased between sampling events, from 15 in 
June to 20 in August. The maximum number of species found at any one site was 5 in June and 8 
in August. There was little change in the percent of sites without plants, with 32.5 percent in 
June and 20 percent in August having no plants. Seasonality in aquatic plant populations should 
be considered when aquatic plant surveys are conducted in these lakes. Accurate characterization 
of the aquatic plant community requires early and late season sampling to capture the changes in 
plant populations within and between lakes. 
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Figure 5. Species richness as measured by number of species at each location for 2003. The X’s represent 
sampling sites where plants were absent. 
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Plant species location data were combined with 2003 bathymetric data collected by CLR 
staff (Sytsma and Petersen, 2004) to obtain depth ranges for each species. Depth ranges for each 
species were estimated based on a 3-meter circle surrounding each sampling site to account for 
any imprecision in sampling. The minimum, maximum and mean depth of that area were 
calculated and the minimum mean depth and maximum mean depth where a species was found 
at the sites sampled provided the depth range. 
The maximum depth of plant colonization in Sunset Lake was 4.2 meters and 3.9 meters 
in June and August respectively (Figure 6). The deepest site sampled for aquatic plants was 6.1 
meters in June and 4.0 meters in August. The maximum depth of the lake is 6.7 m (Sytsma and 
Petersen, 2004). The difference between this depth in June and August was due to the lack of 
plants in June at a depth greater than 4.2 meters. The greatest number of species was found at a 
depth of 0.6 meters in August, and at 1.3 meters in June. Species richness was greatest between 
0.5 meters and 2.2 meters, and species richness was generally greater in August than in June 
(Figure 6). 
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Figure 6. Sunset Lake mean species richness over mean depth gradient in meters, sampled in 2003. 
Fact sheets describing some of the plants found in the lake can be found in Appendix A-
1. A species list of plants sampled and their GPS location is included in Appendix A-2. 
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Considerations in Managing Aquatic Plants 
Aquatic plants play an important role in the physical, chemical and biological functions 
of shallow lakes. Physical functions, such as wind driven mixing of the water column can be 
altered by the structure of aquatic plant beds. Wind driven mixing can resuspend sediments. 
Thick weed beds can severely limit wind driven mixing of the water column leading to an 
increased rate of sedimentation. Dissolved oxygen concentration can be altered as plants produce 
oxygen during photosynthesis and use it during nighttime respiration. Aquatic plants also 
provide food for invertebrates and birds and refuge for smaller animals from predation. Lakes 
with aquatic vegetation usually have a more diverse biotic community than lakes without 
vegetation (Scheffer, 1998). This may not be true in lakes where invasive aquatic plants 
dominate. Invasive aquatic plants crowd out native vegetation, creating monoculture stands and 
reducing biotic diversity. 
The introduction of non-native, invasive, aquatic plants can have significant negative 
effects on a lake ecosystem. Invasive, aquatic vegetation often creates monoculture stands with 
dense surface canopies (AERF, 2003). These thick canopies make foraging difficult because they 
present a visual barrier to fish predators. This favors smaller sized fish that can hide in the 
weeds, and may lead to a decline in large predatory fish such as largemouth bass. The thick beds 
of invasive plant species can also affect the physical and chemical conditions of a lake. 
Decreased water mixing can lead to increased surface water temperature. Warmer water contains 
lower concentrations of dissolved oxygen (Frodge et al, 1990). Although photosynthesis results 
in the production of dissolved oxygen, nighttime respiration by plants consumes dissolved 
oxygen and may lead to oxygen depletion beneath the canopy and kill fish (Frodge et al, 1995). 
Some plants are more efficient than native plants at extracting the inorganic carbon required for 
photosynthesis. As carbon dioxide and bicarbonate are removed from the water via plant uptake, 
the dominant carbon species becomes carbonate. The increasing concentration of carbonate, a 
base, results in an elevation of pH. 
Both introduced and native aquatic plants can become abundant and problematic, 
significantly altering the lake ecosystem and limiting human beneficial uses of the lake. 
However, the management and control of the plants requires careful consideration of the 
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potential impacts on fish, wildlife and the plant community. As described above, aquatic plants 
play an important role in the lake by limiting turbidity through decreased sediment resuspension 
(James and Barko, 1990). Clear water conditions with low turbidity favor plant growth, through 
a maximization of light availability. Shallow lakes, like Sunset, can exist in two alternative stable 
states: a relatively clear water, plant dominated state or an algae dominated, turbid state 
(Scheffer, 1993; Scheffer 1998; Scheffer and Jeppesen, 1998). Removal of a large amount of 
vegetation can lead to increased algae abundance, increased frequency of algae blooms and 
decreased water quality. Algae populations can become abundant enough that turbidity increases 
and limits plant growth. 
Nutrients can come from two sources: allochthonous sources from the watershed or 
autochthonous sources from within the lake. Allochthonous nutrients can include phosphorus and 
nitrogen from groundwater or surface water. These sources of water to the lake may be high in 
nutrients such as phosphorus and nitrogen from septic tanks, logging, agriculture or residential 
runoff. Nutrients stored within the sediments can be released when lake sediments are exposed 
causing an increase of internal or autochthonous nutrients in the lake. Perturbation of the 
sediments is particularly an issue in shallow coastal lakes like Sunset Lake, where winds are 
frequent and sediments are close to the waters surface. This internal nutrient loading, when 
combined with the allochthonous nutrient sources, can cause a change in lake water quality, 
exceeding the critical turbidity for plant growth and causing a shift in alternative stable state 
which cannot be naturally restored to allow for macrophyte growth (Scheffer, 1998). 
Managing the invasive aquatic plants in Sunset Lake will require careful consideration of 
these alternative stable states. The goal of aquatic plant management should not be to remove all 
of the vegetation. Instead management should seek to control the invasive problem species while 
enhancing and maintaining the native plant community and limiting the impacts to water quality 
and fish and wildlife. 
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Description of Aquatic Weed Control Methods 
There are many different mechanical, physical, biological, and chemical methods 
available for managing emergent, floating and submersed aquatic plants. An integrated approach 
to aquatic plant management requires considers the abundance and distribution of the plants 
present, management goals, site specific characteristics, legal and economic constraints, and 
possible impacts of management activities when evaluating the potential methods for aquatic 
weed control. Permits are required for implementation of many aquatic plant management 
techniques and may constrain application of these methods - particularly dredging and 
herbicides. Consultation between the permitting agencies and other agencies may also be 
required due to the presence of threatened or endangered species in or around the lake. A 
description of the various mechanical, physical, biological, and chemical control alternatives for 
aquatic weeds, the advantages and disadvantages of each method and a detailed description of 
the required permits, associated consultations and involved agencies is provided. Vendor and 
contractor information for the various weed control methods is available in Appendix A-3. 
 
Mechanical Control Methods 
Mechanical control methods utilize equipment to directly act on the plants and control 
them. Mechanical techniques have been utilized for many years to control nuisance aquatic 
vegetation. These methods include hand removal, harvesting, cutting, rotovation, and diver-
operated suction harvesting. 
 
Hand Removal 
Summary 
Hand removal is the most common method of weed removal. It involves using cutters, 
rakes, or bare hands to remove plants. It must be done regularly beginning in early spring when 
growth is first noticed. This labor-intensive technique works best on small infestations or for 
small areas such as around docks. Hand removal creates fragments, which should be removed 
from the water and disposed of away from the shoreline to prevent recolonization and to 
maintain aesthetics. Fragments can be removed with nets or with hand picking (WDOE, 2003). 
These methods can be advantageous for landowners to use in small areas around their homes to 
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control aquatic weeds. They can also be used in areas where other management methods are not 
effective, such as areas where large mechanical harvesters cannot go or after a herbicide 
treatment. Hand pulling, raking and cutting are all methods that can be utilized to remove aquatic 
weeds. 
 
Hand Pulling 
Hand pulling involves using bare hands to remove the entire plant.  A spade, trowel or 
long knife can be used to aid in uprooting the plant.  Hand pulling is species specific and allows 
the removal of unwanted species while leaving native species. It works best in soft sediments, so 
that the entire plant can be easily removed. Divers can hand pull unwanted plants in deeper water 
(WDOE, 2003). Pulling can create turbidity, which makes it difficult to see the remaining plants. 
 
Hand Raking 
Raking involves tearing the plants from the sediment with a rake. It is not a species 
specific method, unless the weed bed is a mono-specific stand (AERF, 2003) and it does not 
always remove plant roots. A regular garden or thatch rake, which can be purchased at any local 
hardware store, works well. A rope can also be attached to the cut off handle, allowing removal 
over a greater area and in deeper water. Raking can stir up sediments and create some turbidity. 
 
Hand Cutting 
With hand cutting, the plant shoots are cut below the water's surface, however none of the 
roots are removed. A non-mechanical cutter is available from several sources. Two single-sided 
blades form a “V” and are connected to a handle with a rope. The cutter can be thrown from the 
shore, dock, or other floating structure. As the cutter is pulled through the water, it cuts a 48-inch 
wide swath (WDOE, 2003). This method is not species specific. Some residents have found that 
regular cutting of emerging leaves of waterlilies over two to three season led to the elimination 
of these plants from their waterfront lots (WDOE, 2003), however, this has not been documented 
in aquatic plant management literature. 
Advantages 
• Easy and convenient for small areas, such as in front of houses, around docks and 
swimming areas 
• Equipment is generally inexpensive 
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• Hand pulling is species specific, can remove only unwanted species 
• Hand pulling removes roots, reducing recolonization 
• Regular hand cutting over several seasons may lead to elimination of the plant from the 
area 
 
Disadvantages 
• Needs to be repeated regularly 
• Creates fragments, which need to be collected 
• Too labor intensive for large areas 
• Pulling and raking can create turbidity, making it more difficult to see remaining plants 
• Cutting tools can be extremely sharp and dangerous if not handled properly 
• May be unsafe in areas of steep slopes, deep holes, and other areas 
• Not suitable for water deeper than four to six feet 
• Cutting and raking do not remove roots, allowing recolonization 
• Removing plants may result in greater shoreline erosion, as there are no plants or roots to 
stabilize sediment and dampen wave action 
• Hand pulling and raking are difficult with plants having tough stems, large rhizomes, or 
extensive root systems, such as fragrant waterlilies or watershield 
 
Costs 
Hand pulling: A homemade rake with rope can cost as little as $50 (using a thatching 
rake), while commercial rakes made specifically for use with aquatic weeds can run from $85 to 
$170. Manual cutters range from $120 to $180. 
 
Other Considerations 
Residents should be careful when removing aquatic weeds by any of these methods, and 
watch out for steep slopes, underwater obstructions, and other potentially dangerous structures. 
Near shore areas with deep organic material could make these methods difficult on foot. 
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Harvesting 
Summary 
Harvesting uses large machines to cut and collect aquatic plants. Depending on the 
machine, harvesters can cut five to ten feet below the waters surface, and six to twenty feet wide. 
The cut plants are removed from the water by a conveyor system and stored on the harvester or a 
barge following the harvester, until they can be disposed of on shore (WDOE, 2003). Suitable 
offloading and disposal sites are required. Harvesting creates fragments and any fragments that 
escape collection can lead to expansion of the weed within the waterbody. 
Harvesting can target specific areas in a lake, creating boat channels for example, while 
leaving other areas untreated. In removing the plants from the water column, the nutrients stored 
within the plants are also removed. Since harvesting only removes the upper portion of the plant, 
some plant material remains for fish and other organisms (AERF, 2003). The large size of the 
harvester does limit access to shallow areas or around structures such as docks. Bottom 
obstructions such as logs or stumps may make harvesting difficult. Shallow lakes, three to five 
feet, with loose organic sediment are not suitable for harvesting. 
Plant material is generally more than 90 percent water (Madsen, 2000) and can be 
disposed of in landfills or used as mulch or compost after it has dried (WDOE, 2003). Disposal 
costs can be significantly reduced if plant material is allowed to dry prior to disposal. 
Most harvesters can cut and collect several acres per day, depending on plant type, plant 
density and the storage capacity of the equipment. Speeds typically range from 0.5 to 1.5 acres 
per hour (WDOE, 2003). Harvesting needs to be done several times during the growing season. 
Harvesting in the fall can reduce the amount of plant material that will settle on the lake bottom, 
thus reducing the amount of organic material that builds up (WDOE, 2003). ). Long term 
efficacy of harvesting is unknown. Studies in the Midwest have shown that cutting at least three 
times a year may reduce growth the following year (Madsen et al, 1988; Nichols and Cottam, 
1972). While another study found no reduction in plant growth the following year after 
harvesting three times the previous year in the Pacific Northwest (Perkins and Sytsma, 1987). 
Harvesters collect small fish, invertebrates, amphibians and even turtles, along with the 
plants (WDOE, 2003). The operators of some harvesting machines will watch for fish, turtles, 
amphibians and other organisms that are collected with the plants, and return them to the water 
Sunset Lake Integrated Aquatic Vegetation Management Plan 
 28
(WDOE, 2003). Adult game fish, such as large mouth bass and bluegill, have been removed 
during harvesting operations. However impacts on the fish population have usually been small 
(Engel, 1990). In Saratoga Lake, New York, the harvesting operation removed approximately 2-
8 percent of the total standing crop of juvenile fish. 
 
Advantages 
• Immediately opens areas for boating and fishing 
• Removes plants and stored nutrients from water column 
• Can target specific areas for treatment 
• Removes only upper portion of plant leaving some vegetation for fish habitat 
• May reduce growth the following year 
• Harvesting in fall can decrease amount of plant material that will settle on lake bottom 
 
Disadvantages 
• Creates plant fragments and if not all are collected plants could spread to new areas in the 
lake 
• Not species specific 
• Fish, invertebrates, and other organisms may also be collected 
• Short term control; plant regrowth requires regular cutting 
• Disposal costs can be significant for wet material 
• Requires suitable off-loading and disposal sites  
• May not be feasible in shallow areas or around docks 
• Not suitable for lakes with bottom obstructions (logs, stumps etc) or very shallow lakes 
(3-5 feet) with loose organic sediment 
Costs 
Cost estimates for harvesting in individual lakes are determined on a case by case basis 
based on a site visit by the contractor. Costs depend on frequency and location of unloading sites, 
as well as the type and size of the boat ramp and other access issues. Generally, harvesting costs 
range from $1,800 to $2,000 per acre. The City of Tigard has regularly contracted for mechanical 
harvesting to keep Summerlake clear of aquatic macrophytes. The cost for harvesting in June 
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2002 was $7,500 for approximately 4 acres and yielded approximately 60 yds3 of biomass. 
Harvested biomass was disposed of through a yard debris recycler at additional cost to the city 
(Martin, 2003). 
 
Cutting 
Summary 
Cutting uses a machine to cut aquatic plants below the water’s surface, however the plant 
fragments are not collected as they are in harvesting. The fragments that are generated by cutting 
should be removed from the water column for aesthetic and ecological reasons. The 
decomposing fragments will create unpleasant odors. Decomposition of plants requires oxygen; 
therefore the decomposing fragments may lead to a decrease of dissolved oxygen within the area. 
The fragments may also contribute to the spread of invasive plants that only represent a small 
part of the plant community. 
There are several different types of cutters available; these include portable units and 
boat-mounted units appropriate for small scale control and specialized barge-like machines, 
which are appropriate for large scale control. 
Portable units cut a four-foot wide path underwater. One unit that is commercially 
available rides on two skis that slide along the lake bottom while the blades cut the plants. The 
unit comes with a rechargeable battery and is best utilized in shallow water with few bottom 
obstructions. Boat-mounted units can be attached on either small or large boat. It can cut a four-
foot wide swath to a depth of three feet (up to seven feet wide with extenders). Up to one acre of 
plants per hour can be cleared, depending on the machine and the type and density of plants 
(DOE, 2003).  Some manufacturers recommend a more powerful unit for cutting robust plants 
such as fragrant waterlilies, bulrush, or cattails. Specialized barge units are barge or small 
pontoon type boats with cutting blades installed. Some can cut in water as shallow as 10 inches 
and as deep as five feet with a width of 10 feet. Depending on the plant species and density, 
these units have been observed to cut about 12 acres per day (DOE, 2003). 
 
Advantages 
• Creates open areas of water 
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• Can work in shallow areas, around docks or other structures which large harvesters may 
not be able to access 
• Prices lower than some other machines, such as harvesting machines 
• Habitat for fish and other organisms retained if plants are not cut too short (AERF, 2003) 
• Faster than harvesting or rotovation 
 
Disadvantages 
• Plants regrow, so that cutting must be done regularly 
• Not species specific 
• Some species are difficult to cut such as cattails, yellow iris, or fragrant waterlilies 
• Creates fragments, which may drift on shore and decompose, creating unsightly and 
smell piles in near shore areas 
 
Costs 
A portable battery powered cutter including two batteries and a charger costs around 
$2,000. Boat mounted units are between $1,500 and $1,800, with extenders costing between 
$160 and $190. Specialized barge cutters cost approximately $10,000. 
 
 
 
 
Other Considerations 
Lake associations or groups of landowners may want to invest in a cutter and share 
responsibilities and costs to make plant management more economical. Plant fragments can be 
easily removed with a rake or a net and disposed of upland. 
 
Rotovation 
Summary 
A rotovator uses blades, like a rototiller, to till seven to nine inches into the sediment to 
dislodge and remove plants and roots. The plant fragments that are created in this process can be 
removed from the water by using a rake attachment or by manual collection. Successive 
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treatments may lead to decreased density of the unwanted plant (WDOE, 2003; Gibbons and 
Gibbons, 1988). This method is not species specific. Because it disturbs the sediment, it creates 
turbidity and may negatively impact benthic organisms and spawning areas. 
Rotovation is used mainly in the winter and spring to control Eurasian watermilfoil 
(Myriophyllum spicatum). It has also been successfully used to remove the rhizomes of fragrant 
waterlilies in Washington (WDOE, 2003), although there is no information regarding the 
duration of control. The use of rotovators on small test plots of Eurasian watermilfoil in the Pend 
Oreille River appeared to stimulate the growth of native aquatic plants (Gibbons and Gibbons, 
1988). 
Rotovation works best if plants have not reached their mature length; longer stems wrap 
around the spinning blades and may damage the equipment (AERF, 2003). Hence, plants may 
have to be cut prior to rotovation. In addition, obstacles on the bottom such as logs and large 
rocks need to be moved prior to rotovation. Underwater utilities, such as gas, water, sewer, 
telephone or water intake pipes, will have to be located before rotovation begins. 
Control often lasts more than one season. In the Pend Oreille River in Washington for 
example, Eurasian watermilfoil growth was effectively controlled for two years (Gibbons and 
Gibbons, 1988). Mobilization costs are a significant portion of the total cost; therefore the 
greatest cost-benefit can be achieved from treating a larger area. 
 
Advantages 
• Control can last more than one growing season 
• Removes roots and other structures in the sediment 
• Plant density generally decreases with subsequent treatments  
• Can encourage growth of native plants 
 
Disadvantages 
• Disturbs the sediment, creates turbidity 
• Not species selective 
• Can lead to release of nutrients or other substances from the sediment 
• Adverse impact on benthic organisms 
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• May impact fish spawning areas 
• Can be difficult to maneuver around docks and other structures, depending on machine 
size and type 
• Creates fragments 
• Removal of obstructions prior to start up is labor intensive 
 
Costs 
Holdren et al (2001) give ranges from $2,000 per acre for softer, submersed vegetation to 
as much as $10,000 per acre for tougher, emergent plants and root masses. A local company 
requires a site visit prior to rotovation and costs are site specific. 
 
Diver-operated Suction Harvesting 
Summary 
Diver-operated suction harvesting uses a small dredge to selectively remove plants and 
their roots. A good operator can remove only the target plants, while leaving native species 
untouched. It is often referred to as diver dredging, however, harvesting is a more appropriate 
name because sediments are not removed from the system. Sediments may be resuspended 
during the operation, but the use of a sediment curtain can mitigate these effects (Madsen, 2000). 
Experienced divers can remove selected target plants with little disturbance of the sediment. 
Diver operated suction harvesting technique is most effective in softer sediments that 
allow easy removal of the entire plant, although turbidity is increased with softer sediments. It is 
generally less effective on plant species producing seeds, turions or tubers which will remain in 
the sediment to sprout the next growing season (WDOE, 2003). It is not effective for plants with 
extensive roots and massive rhizomes such as fragrant waterlilies Divers may create fragments as 
they move through established plant stands. These fragments can contribute to new infestations, 
however personnel on the surface can capture these fragments. 
This technique is very slow, about 100 m2 per diver per day (Eichler et al, 1993) and 
works best when weeds are in the early stage of infestation (AERF, 2003). It is not generally 
practical or economically feasible on a whole-lake scale. It is not appropriate for large scale, 
high-density infestations. Diver operated suction harvesting is better utilized for small scale 
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infestations. It also works well in conjunction with other methods, such as after an herbicide 
treatment. In cases where the infestation has expanded to large portions of the littoral zone, other 
combinations of mechanical, chemical and biological strategies may be more cost effective 
(AEFR, 2003). Overall, diver-operated suction harvesting is efficient and regrowth is limited in 
small pioneering colonies or scattered clumps that are too large for hand removal (Madsen, 
2000). 
This method has been successfully used in other Oregon lakes, including Oswego Lake, 
where it is utilized to control small infestations of Brazilian elodea every year (Rosenkrantz, 
2004). Diver-operated suction harvesting was not successful in Lake Lytle, where it was used to 
remove Eurasian water milfoil. The area of infestation was too extensive to allow adequate 
control with this method (Shrestha and Sytsma, 2001). 
 
 
 
 
 
Advantages 
• Can be very selective 
• Can remove plants around docks and in other difficult to reach areas 
• Can be used in situations where other methods, such as herbicides, are not an option 
• Regrowth is limited 
 
Disadvantages 
• Can stir up sediments and increase turbidity 
• Method is very slow 
• Difficult in hard sediments; roots or other structures may be left behind 
• Creates fragments 
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Costs 
Costs depend on the size and depth of the target area and the density of the target plant 
species. Divers experienced in aquatic plant removal in the region charge a minimum of one to 
two dollars per square foot (Freedland, 2003) or $1800 per day (Aquatechnex, 2003), not 
including the cost of disposal. A preliminary dive would have to be done in order to obtain an 
accurate estimate of the time and costs involved. Depending on the density and types of plants 
and the sediment type, visibility etc. 
 
Physical Control Methods 
Although physical control methods may utilize large mechanical equipment, these 
methods differ from mechanical control methods in that the environment of the plant is directly 
manipulated. Physical control methods include benthic barriers, sediment agitation, water level 
drawdown and dredging. 
 
 
Benthic Barriers 
Summary 
Benthic barriers are a layer of material installed directly on the lake sediments. Regrowth 
of rooted aquatic plants is prevented by light limitation. Common materials include burlap, 
plastics, and woven synthetics such as geotextile fabric. An ideal benthic screen should be 
durable, heavier than water, reduce or block light, allow easy installation and maintenance, 
prevent plants from growing into and under the material, and readily allow gases produced by the 
rotting weeds to escape without ballooning the material upwards. Even the most porous 
materials, such as window screen, may billow due to gas buildup, as they become clogged by 
sediment. 
It is very important to securely anchor the barrier to the bottom, as it can create a 
navigation hazard and danger to swimmers if unsecured. Natural materials such as rocks or 
sandbags are preferred as anchors (WDOE, 2003). Sediments should not be used, as new plants 
will establish on top of the added layer (Engel and Nichols, 1984). Sheet color is relatively 
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unimportant; clear plastic can be effective, however, opaque materials that allow some 
movement of gases and water work best (Carter et al, 1994). 
Plants typically die underneath the barriers after one to two months (Engel, 1984). After 
the barriers are removed, plants from the seed bank will recolonize the areas within one to two 
months (Eichler et al, 1995; Engel, 1984). Barriers may be left in place for longer periods of 
time, however regular maintenance is needed to remove accumulated sediment, which will allow 
plants to colonize on top of the barrier (Madsen, 2000). 
The duration of weed control depends on the rate that weeds grow through or on top of 
the barrier, the rate that sediment accumulates on top of the barrier, and the durability of the 
material. Burlap may rot within two years. Plants can grow through window screening material 
and on top of the geotextile fabric. Regular maintenance, such as checking for gas bubbles and 
removing accumulated sediment, can extend the life of the barrier (WDOE, 2003). 
Installation is easier in the winter or early spring when there are few plants in the water 
column. In the summer, removing the weeds prior to installation is best. The less plant material 
that is present under the barrier, the less gas that will be produced (WDOE, 2003). Building the 
frame out of plastic pipe filled with sand may facilitate easier placement and limit the amount of 
anchor material required. 
Benthic barriers are effective and fairly cost effective for small areas (less than 1000 ft2), 
however, they are not suitable and too expensive for use over larger areas. They are best suited to 
small, high-intensity use areas such as docks, boat launches and swimming areas (Madsen, 
2000). 
Benthic barriers impact bottom dwelling organisms as they cover sediments that provide 
habitat. Barriers covering spawning beds should be moved in the early spring and not replaced 
until spawning activity is over, usually sometime during the early summer (WDOE, 2003). 
Instructions for the installation of bottom barriers can be found at Washington Department of 
Ecology’s website at http://www.ecy.wa.gov/programs/wq/ plants/management/aqua021.html. 
 
Advantages 
• Creates immediate areas of open water 
• Easily installed around docks and in swimming areas 
Sunset Lake Integrated Aquatic Vegetation Management Plan 
 36
• Can control up to 100 percent of plant growth if properly installed and maintained 
• Materials are readily available and can be installed by homeowners or divers 
 
Disadvantages 
• Impact benthic habitat by covering sediment and decreasing plant cover 
• Suitable only for local control because of costs and impacts 
• Need to be regularly inspected and maintained 
• Harvesters, fishing gear, anchors, and propeller backwash may damage barriers 
• Can impede boats and injure people if not properly secured 
• May be difficult to anchor into soft sediments 
• Interfere with bottom-dwelling organisms and fish spawning 
• Plants may colonize the top of the barrier 
• Gases form underneath the barrier, causing it to float up 
Costs 
Barrier materials vary in cost depending on type. Two Portland, Oregon companies sell 
geotextile type fabrics and prices for these fabrics vary from $.45 to $1.50 per square foot. 
Depending on frame material type (PVC pipe versus wood), fabric choice and desired barrier 
size, barriers range in cost from $1.50 per square foot to $2.50 per square foot, not including 
construction or installation. 
 
Sediment Agitation 
Summary 
Sediment agitation is an automatic plant control method that mechanically disturbs the 
lake bottom within a well-defined area to remove aquatic plants and prevent regrowth. The 
machines sweep, roll, or drag repetitively over plants and the sediment. They must be attached to 
a post, dock or other structure. They require a source of electricity. There are three types of 
sediment agitation machines: weed rollers, lake sweepers and beach groomers. 
Weed rollers consist of a long metal cylinder or pipe that rolls on the bottom of the lake. 
It is driven by a low voltage motor and moves along an adjustable arc of up to 270 degrees. Fin 
like projections on the roller help dislodge plants and roots from the sediment. Lake sweepers 
have two long poles with lightweight rakes attached. A submersed pump powers the rotating 
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arms, causing the rakes to sweep along the bottom removing plants.  It has a radius of about 24 
to 42 feet. The beach groomer consists of two seven-foot arms that are rotated by a pump. The 
arms have chains, which drag along the bottom and can clear a 14 foot area. 
Repetitive use of these machines can suppress the growth of plants and create and 
maintain open areas of water. Several of these machines are portable and can be shared between 
landowners. Fragments are created with this method, which may cause further spread of the 
unwanted plant(s). Fragments should be collected from the water and disposed. These units may 
also create turbidity as fine sediments are dispersed. Over time a small depression may be 
created from repetitive use. 
The ease of installation and movement varies with the unit.  It is best to install and begin 
using the systems early in the spring, before plants begin to actively grow (WDOE, 2003). 
Obstacles such as logs must be removed prior to installation. When the units are in use, signs 
should be posted to prevent people from using the area and to prevent injuries. Once the area is 
initially cleared, the units can be used as little as one day per week to keep the plants from 
recolonizing. When not in use, the units should be stored where people cannot accidentally injure 
themselves. 
 
Advantages 
• Repetitive use can suppress regrowth of plants 
• Creates and maintains open water areas 
• Most devices are adjustable and easily maneuverable 
• Some products are portable and can be shared by neighbors 
• Operating costs are low 
 
Disadvantages 
• Repetitive agitation of the sediments can disturb bottom dwelling organisms and may 
interfere with fish spawning 
• May create fragments, which may cause further spread of the unwanted plant(s) 
• Can create a depression where the unit operates, as fine sediment is dispersed to other 
areas 
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• Obstacles such as logs, need to be removed prior to installation and use 
• Equipment should be relocated when area is to be used for activities such as swimming 
and wading 
• When in use, area should not be used for swimming or other recreational activities 
• May create turbidity in softer sediments 
 
Costs 
Beach groomers start at about $1,000, and the pump to power it costs an additional $300. 
Lake sweepers and weed rollers are between $2,000 and $3,000. 
 
Drawdown 
Summary 
Lowering the level of water in a lake can have a notable impact on aquatic weeds. This 
method can be used on a waterbody where there is a water control structure that allows the 
managers to drop the level of water for extended periods of time (WDOE, 2003). It is best if the 
depth of the drawdown exceeds the maximum depth of colonization of the target species (AERF, 
2003). To be effective, the period of drawdown needs to last at least one month to ensure 
thorough drying of the plants (Cooke, 1980). In addition, drawdown is best done during the 
winter, when freezing of sediments may be possible. The results of carefully a carefully planned 
drawdown may provide long-term control, for two years or more (Madsen, 2000). 
This method is most commonly applied to Eurasian watermilfoil (Siver et al, 1986) and 
other milfoil species or submersed evergreen perennials (Tarver, 1980). It is important to know 
which plants are targeted for control, as species respond differently to drawdown and their 
response is not always consistent (Cooke, 1980). Some aquatic plant species are adapted to 
drawdown conditions, including pondweeds (Potamogeton spp.) and hydrilla (Hydrilla 
verticillata). These plants have reproductive propagules that can survive the drawdown, allowing 
them to easily recolonize the lake after drawdown. Drawdown can enhance the expansion of 
native plants into areas previously occupied by invasive species (WDOE, 2003). Drawdown can 
also have significant environmental effects and may interfere with recreation and other beneficial 
uses of the lake. 
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Lowering the level of the waterbody can significantly impact fish and wildlife 
populations. This may be of particular concern if there are endangered or threatened species that 
utilize the waterbody. In lakes with anadromous fish species and endangered species, water level 
drawdown may not be practical or feasible. There may be an increase in algal blooms following 
drawdown (WDOE, 2003). 
Previous efforts at weed control utilizing water level manipulation in the Northwest have 
been unsuccessful (Geiger, 1983). The mild winter of the Pacific Northwest is not suitable for 
such a procedure(Cooke et al, 1993). This lake is groundwater dominated, and combined with 
the heavy winter rainfall, sufficient drying of the sediments and plants is unlikely. 
Advantages 
• Can be inexpensive, if a water control structure exists 
• Can have long term effect (two or more years) 
• Docks and other structures can be repaired during drawdown 
• The expansion of native plants into areas previously occupied by invasive species can be 
enhanced 
• Loose sediments can become consolidated 
 
Disadvantages 
• Requires a water control structure; can be expensive if not already present 
• Some invasive or unwanted species growth, such as annuals may be enhanced 
• Can impair recreational and other beneficial uses during the drawdown period 
• Significant impacts to fish and wildlife 
• Algal blooms may occur following drawdown 
• May cause a decrease in nearby well levels 
 
Costs 
Costs may be minimal if a water level control structure is in place. However, the loss of 
beneficial uses such as recreation and aesthetics could represent a significant loss to property 
values and revenues from tourism and fishing. 
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Dredging 
Summary 
Dredging is usually not performed solely for aquatic plant management (Madsen, 2000). 
It is more often used for lakes that need deepening due to sediment infill, have excess nutrients, 
have inadequate pelagic and hypolimnetic zones, or require the removal of toxic substances 
(Petersen, 1982). 
Lakes that are very shallow due to sedimentation typically have abundant aquatic plant 
growth. Dredging reduces aquatic plant problems directly by removing the plants, bottom 
sediment, and associated nutrients.  Shallow dredging - one meter - has been found to be 
effective for a few months (Engel and Nichols, 1984). Deeper dredging, below the maximum 
depth of plant colonization, can prevent recolonization for 12 months (Collett et al, 1981) and 
may result in decreased plant biomass for a decade or more (Tobiessen et al, 1992). 
Dredging is effective because the increased depth decreases the light available for plant 
photosynthesis and growth  (Nichols, 1984a). Dredging may also create more diversity in the 
plant community, by opening more diverse habitats and creating depth gradients (Nichols, 
1984a). However, dredging also results in problems with temporary suspended sediment and can 
harm benthic organisms and other wildlife that overwinter in the sediments. It is not commonly 
employed as a lake restoration method due to the extremely high costs, extensive permitting 
issues, environmental impacts and sediment disposal issues. 
There are several different types of dredges including suction dredges, clamshell dredges 
and even backhoes mounted on barges. If access from the shore is feasible, dredging around 
docks can be done by a backhoe on shore. 
 
Advantages 
• Can create deeper, open water available for recreation 
• Can create depth gradients and a more diverse aquatic plant community 
 
Disadvantages 
• Very expensive 
• Requires permits and mitigation if more than 50 yd³ removed 
• Requires disposal of sediments and associated plant material and water 
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• Can harm benthic organisms that over winter in the sediments and impact fish and other 
wildlife 
• Removes plants, which are habitat for fish and other wildlife 
• Creates turbidity 
 
 
Costs 
Costs are variable for dredging projects depending on the amount of sediment removed, 
disposal and other issues.  A dredging project on two shallow New Jersey Lakes in 1985 cost 
$4.80 meter³ - $8.26 meter³; the total project cost $667,500 not including the engineering or 
administrative fees (Horstman and Copp, 1985). 
Holdren et al (2001) gives more recent costs. Depending on the sediment depth, 2 feet or 
five feet, costs for dredging range from $20,000 to $50,000 or $40,000 to $80,000 per acre 
respectively. This included design, permitting, capital cost, operating cost and monitoring. Costs 
for larger scale dredging projects generally will run into the millions. Mobilization of the 
equipment often represents a significant portion of the cost for larger projects. 
Small scale dredging around docks with good access for large backhoe equipment would 
cost between $1,300 and $1,400, including disposal. Sites with limited access require individual 
examination by the contractor and more time for the project, and prices will vary (Sarin, 2004). 
 
Biological Control Methods 
The biological control of aquatic plants focuses on the selection and introduction of 
organisms that have an impact on the productivity, growth, or reproduction of the target plant, 
thus controlling the unwanted plant. There are two major types of biological control: classic 
biological control and general biological control. 
Classical biological control uses agent organisms that are host specific, which attack only 
the plant species that are targeted for control. These organisms generally are found in the native 
range of the target nuisance aquatic plant and like the target plant are non-native. A number of 
exotic aquatic species have approved classic biological control agents available for release in the 
U.S. These species include: hydrilla (Hydrilla verticillata), water hyacinth (Eichhornia 
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crassipes), alligator weed (Alternanthera philoxeroides), and purple loosestrife (Lythrum 
salicaria). The Clatsop County Soil and Water Conservation District is currently releasing 
several different species of insects for purple loosestrife control within the county. However, 
biocontrol is not suitable for populations of purple loosestrife smaller than ¼ of an acre 
(Coombs, 2004). The small, spread out clumps of purple loosestrife at the lake would not allow 
the insects to establish a population capable of controlling the plants. There are no classical 
biological agents available for the invasive aquatic plants currently in these lakes; therefore the 
only option left is a general biological control agent. General biological control utilizes control 
organisms that are not host specific and will not target specific plant species. An example of a 
general control agent is the grass carp, which is discussed below. 
 
Grass Carp 
 Summary 
Grass carp (Ctenopharyngodon idella), also known as the white amur, is a herbivorous 
fish from Asia that was first imported into the United States in the 1960’s for use as a biocontrol 
agent for aquatic plants. Triploid fish must be used in Oregon. These fish have a low probability 
of successful reproduction. Grass carp live an average of 10 years and a maximum of over 40 
years. They have reached sizes as large as 50 pounds in lakes in the Midwest where they have 
been used as biocontrol organisms. ODFW requires a permit to stock grass carp in Oregon, 
which is discussed in the Permits section below. 
Grass carp have been shown to have definite food preferences, with some plant species 
being consumed prior to others. Grass carp have not been observed eating emergent wetland 
vegetation. Native species, such as the thin-leaved pondweed species and common waterweed 
(Elodea canadensis) are consumed before invasive species such as Brazilian elodea and Eurasian 
watermilfoil (Myriophyllum spicatum), while floating leaved species, such as fragrant waterlily 
and watershield are rarely consumed (Pauley et al, 1995; McKnight and Hepp, 1995) and may 
even increase after stocking of grass carp (Bonar et al, 1995). 
Grass carp will seek out flowing water, so that all inlets and outlets of the waterbody 
must be screened. Loch and Bonar (1999) observed 49 adult grass carp migrating up the 
Columbia River in 1996 and 1997, thus emphasizing the need for barrier construction and 
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maintenance in water bodies with grass carp. The appropriate stocking rate of grass carp depends 
on the macrophyte species composition and abundance in the lake. Grass carp effectiveness is 
strongly influenced by water temperature and seasonality, with northern ecosystems typically 
requiring substantially higher stocking rates than southern ecosystems (Stewart and Boyd, 1994). 
Grass carp have had mixed results as a biocontrol agent for aquatic plants in lakes. Many 
studies have sought to identify a stocking rate where macrophytes are suppressed rather than 
eliminated, but most have found an all or none result (Bonar et al, 2002; Cassani et al, 1994; 
Mitzner, 1994; Pauley and Bonar, 1995; Pauley et al, 1998; Scherer et al, 1995; Small et al, 
1985). In a study of 98 lakes and ponds in Washington, submersed aquatic vegetation was either 
not controlled, (42 percent of the lakes), or completely eradicated, (39 percent of the lakes) 
(Bonar et al, 2002). In addition, grass carp may not have any noticeable effects on macrophytes 
after stocking for long periods, more than 18 months (Bonar et al, 2002). Lake water chemistry 
may affect plant palatability and affect grass carp consumption rate and feeding preference 
(Bonar et al, 1990). 
The stocking of grass carp has been associated with changes in water chemistry, 
particularly decrease in water clarity attributed to increased turbidity (Leslie and Kobylinski, 
1985; Leslie et al, 1983; Lembi, 1978; Bonar et al, 2002; Small et al, 1985) and algal biomass 
(Maceina et al, 1992). 
Grass carp are currently being used in one other coastal lake in Oregon, Devils Lake. 
Grass carp were first stocked in Devils Lake in 1986 and a supplemental stocking occurred in 
1993. The use of grass carp as a biological plant control resulted in the total eradication of all 
aquatic plant species in the lake. The elimination of all aquatic plants in the lake resulted in a 
shift of the stable state of the lake, from a clear, macrophyte dominated state to a turbid, algae 
dominated state. The lake has had subsequent problems with toxic cyanobacteria (blue-green 
algae) blooms (Waggy, 2002).  
 
Advantages 
• Inexpensive as compared to some other control methods 
• Can provide long term control (10 + years) 
• Provides biological alternative for aquatic plant control 
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Disadvantages 
• May take several years to achieve control (depending on plant density and stocking rate 
of fish) 
• Level of control is highly variable, ranging from no control to complete eradication: 
• If not enough fish stocked, less favored plants may begin to dominate 
• If too many fish stocked, all plants may be removed 
• Show feeding preferences, so that native plants may be removed before unwanted 
invasive species; plants like fragrant waterlilies or watershield are rarely consumed 
• Preferred plants may also be important for habitat or waterfowl food 
• Difficult and expensive to remove once stocked 
• All inlets and outlets must be screened (may be not be feasible in water bodies with 
salmonids) 
• Often associated with an unwanted decrease in water clarity attributed to an increase in 
turbidity and algal biomass  
• Recapture of fish is difficult if waterbody has been overstocked 
 
Costs 
The cost of grass carp varies from $5 to $15 per fish based on where the fish are 
purchased and shipping and handling costs (WDOE, 2003). At a stocking rate of 15 fish per acre, 
765 fish would be required and the total cost to stock grass carp in the 51-acre lake would be 
between  $3,825 and $11,475. 
 
Other Considerations 
Lakes vary with regard to baseline water chemistry and fish and wildlife species type and 
abundance. The impact of grass carp on these variables within an individual lake is difficult to 
predict and studies have had variable results stocking grass carp (Bonar et al, 2002). Grass carp 
are typically viewed as an “all or nothing” control method. However, it is challenging to predict 
the results of the introduction of grass carp within an individual lake. Therefore it is 
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recommended not to use grass carp in lakes unless total eradication of all aquatic plants in the 
lake is acceptable. 
The effect of stocking grass carp on game fish populations has been varied. One study 
found a decrease in the bluegill population, with no change in largemouth bass (Forester and 
Lawrence, 1978). Ware and Gassaway (1978) found fewer large mouth bass and more bluegill 
that eventually became small and stunted. Increased predation of rainbow trout has also been 
observed (Rowe, 1984). Two studies found no negative effect on littoral fish populations were 
(Killgore et al, 1998; Mitzner, 1994). Grass carp may have negative impact on waterfowl habitat 
because their food uses overlap (McKnight and Hepp, 1995). 
Studies have sought ways to confine grass carp within a water body or remove them once 
the desired level of control is achieved. An assessment of three barrier types found that an 
electrified barrier worked to confine carp to a specific treatment area (Maceina et al, 1999). 
Capture of grass carp is difficult (Bonar et al, 1993), although some success has been achieved 
using sound to attract the fish (Willis et al, 2002). 
 
Chemical Control Methods 
Herbicides 
Summary 
The use of herbicides is one of the most widely known and effective management options 
available for aquatic plants (AERF, 2003). In the past 20 years, the use and review of herbicides 
has changed significantly to accommodate safety, health and environmental concerns. Currently, 
no herbicide product can be labeled for aquatic use if it has more than a one in a million chance 
of causing significant harmful effects to human health, wildlife or the environment (AERF, 
2003), although sublethal effects are not well documented. Because of this, there is a limited 
number of effective, EPA approved herbicides currently available for aquatic use. In addition to 
the EPA requirements, each state may have individual requirements. There are several issues that 
currently complicate the use of aquatic herbicides in Oregon. These issues are discussed in the 
Permits section below. 
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Herbicide Use and Classification 
Herbicides are chemicals used to control aquatic plants by causing death or greatly 
suppressing growth. Aquatic herbicides are sprayed directly onto floating or emergent aquatic 
plants, or are applied to the water in either liquid or pellet form (WDOE, 2003). Herbicides that 
are labeled for aquatic use are classified as either systemic or contact. Systemic herbicides are 
translocated throughout the entire plant. They are slower acting but often result in death of the 
entire plant. Contact herbicides act immediately on the tissues with which they come in contact, 
and cause extensive cellular damage at the point of uptake. Contact herbicides are typically faster 
acting; however only kill plant parts, which they contact. They do not always kill root crowns, 
roots or rhizomes for example (AERF, 2003). The effect of contact herbicides on target plants is 
not sustained, and the plant is capable of regrowth (Error! Reference source not found.). 
The response of plants to herbicides is a function of the properties of the plant, the 
herbicide, the concentration and contact time and timing of the application (Madsen, 2000). 
Exposure times and concentrations are determined in the laboratory and in field trials. Species 
with significant above water vegetative surfaces, such as floating or emergent species, can be 
treated with direct application to the surface of the plant. However, care should be taken to avoid 
application if a rain event is likely (AERF, 2003). 
Application of herbicides to complex, three-dimensional aquatic systems requires training 
and experience. Herbicide applicators should be experienced in aquatic application of herbicides 
and should have the appropriate training and certification. They should also know the target 
species for control in the waterbody and the appropriate herbicide type, concentration, and 
timing appropriate for its control. 
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Table 3. Classification, characteristics and mode of action of federally approved herbicides. Adapted from 
Madsen (2000). 
Chemical Trade Names Contact v. Systemic Mode of Action 
Fluridone 
Sonar AS 
Sonar SRP 
Sonar PR 
Avast! 
Systemic 
Disrupts carotenoid 
synthesis, causing 
bleaching of chlorophyll 
Glyphosate Rodeo Eagre Systemic 
Disrupts synthesis of 
phenylalanine (amino acid) 
Endothall 
Aquathol K 
Hydrothol 191 
Aquathol granular 
Contact Inactivates plant protein synthesis 
2,4 – D 
Navigate 
Aqua – Kleen 
IVM 44 
Many others 
Systemic Selective plant growth regulator 
Diquat Reward Weedtrine Contact 
Disrupts integrity of plant 
cell membranes  
Triclopyr Garlon 3A Renovate Systemic 
Selective plant growth 
regulator 
Complexed Copper 
compounds 
Cutrine Plus 
Komeen 
Koplex 
K-Tea 
Several others 
Systemic Plant cell toxicant 
 
Herbicide Registration, Label Precautions and Use Restrictions 
Herbicides that are sold in the U.S. must be registered with the federal government and, 
in most cases, by state regulatory agencies as well.  The herbicides are reviewed and regulated by 
the EPA Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) (FIFRA 1974, 7 J.S.C 135 
et seq. Public Laws 92-516, 94-140 and 95-356) and its recent amendments. The printed 
information and instructions included with a registered herbicide is known as the label and it 
constitutes a legal document (Error! Reference source not found.). Failure to use an herbicide 
in accordance with the label can result in severe penalties. The label provides information on the 
active ingredients, directions for the correct use on target plant species, warnings and use 
restrictions and safety, and antidote information (AERF, 2003). Selection of an appropriate 
herbicide also requires consideration of the restrictions on water use that may be required 
following an application. Restrictions may be required where there is unnecessary risk to people, 
livestock, or fish and wildlife. Contact the manufacturer or the company that sells the product for 
current label information. Labels can also be readily found on the internet. 
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Table 4. Summary of use and application restrictions for federally approved aquatic herbicides. Effectiveness 
includes only those species of concern in the Clatsop Plains Lakes. Adapted from AERF (2003). 
Chemical Exposure Time Persistence (in days) 
Maximum water 
concentration Effective in controlling 
1  
Fluridone Intermediate (18-72 hours) 21 0.15 mg/L 
Fanwort, Brazilian elodea, 
parrotfeather, and several native 
spp. 
Glyphosate Intermediate (18-72 hours) 14 0.2 mg/L 
Fragrant waterlilies and other 
emergent and floating spp. 
Endothall 
Short to 
intermediate 
(12-36 hours) 
4-7 5.0 mg/L Brazilian elodea, parrotfeather, and several native spp. 
2,4 – D 
Short to 
intermediate 
(12-36 hours) 
7.5 2.0 mg/L Fragrant waterlilies, parrotfeather and several native spp. 
Diquat Very long  (45-60 days) 1-7 0.37 mg/L 
Brazilian elodea, parrotfeather, and 
several native spp. 
Triclopyr Intermediate (18-72 hours) 3-7 2.5 mg/L 
Parrotfeather, Fragrant waterlilies, 
purple loosestrife 
Complexed Copper 
compounds 
Intermediate 
(12-72 hours) 3 1.0 mg/L Algae, Hydrilla 
1 From the Aquatic Plant Information System, USACE (2001). 
 
Selectivity 
Herbicides can be characterized as selective or nonselective (Table 5). Nonselective or 
broad-spectrum herbicides control all or most species of plants due to their effects on the 
physiological processes that are common to all species. Since these types of herbicides can kill 
all vegetation that they contact, care must be taken to be sure that the effect on desirable plants is 
minimal. Glyphosate is a non-selective, systemic herbicide that will kill all emergent and floating 
aquatic vegetation on which it is applied. Selective herbicides will damage only those groups of 
plants that possess the biological pathways to which the active chemical ingredient is specific. 
Some selective herbicides control only broadleaf plants (dicots) and do not affect grasses 
(monocots), while others are effective on monocots alone (AERF, 2003). Selectivity can also be 
a function of concentration and contact time. At higher doses, fluridone is nonselective and can 
affect native plants as well as invasive species. 
Advantages 
• Herbicides can be less expensive than other control methods 
• Many can be species specific, allowing removal of only targeted species 
• Can often utilize low doses to remove unwanted plants 
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• Easily applied around docks and other structures, underwater obstructions usually not a 
problem 
 
Disadvantages 
• Some are slow acting, may take days or weeks to control or kill plants 
• Non-targeted plants may be harmed, depending on herbicide used 
• Some herbicides have post-application swimming, fishing or other use restrictions  
• Requires licensed applicator who is experienced in aquatic use of herbicides to ensure 
success and avoid unwanted impacts 
 
Costs 
Costs to treat one acre with aquatic herbicides varies between $200 to $2000 depending 
on type of herbicide used, quantity required, and other site specifics (WDOE, 2003; Holdren et 
al, 2001). 
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Table 5. Advantages and disadvantages of federally approved aquatic herbicides. Adapted from Madsen (2000). 
Chemical Advantages Disadvantages Systems Where Used Effectively Plant species response 
Fluridone 
• Requires low doses 
• Few use restrictions 
• Negligible risk to wildlife 
• Selective at low application rates 
• Requires long contact time Small lakes, slow flowing systems 
Broad spectrum, acts in 
30-90 days 
Glyphosate 
• Systemic 
• Widely used 
• Few label restrictions  
• Affects emergent plants only  
Non-selective for species 
Nature preserves and 
refuges 
Broad spectrum, acts in 
7-10 days and up to 4 
weeks 
Endothall 
• Requires short contact time 
• Low toxicity to fish (Aquathol® formulation) 
• Rapid action 
• Limited drift 
• Does not affect underground portions of plant 
• Use restrictions for water use 
• Toxic to fish (Hydrothal® formulation) 
• Short term efficacy 
Shoreline, localized 
treatments 
Broad spectrum, acts in 
7-14 days 
2,4 – D 
• Inexpensive 
• Systemic herbicide 
• Some species specificity 
• Low fish toxicity 
• Public perception 
• Toxic to benthic organisms 
Water hyacinth and 
Eurasian watermilfoil 
control, lakes and slow 
flowing areas, purple 
loosestrife 
Selective on broad-
leaved plants, acts in 5-
7 days up to 2 weeks 
Diquat 
• Requires short contact time 
• Rapid action 
Limited drift 
• Does not affect underground portions of plant 
• Short term efficacy 
• Use restrictions for aquatic use 
• Toxic to aquatic invertebrates  
Shoreline, localized 
treatments 
Broad spectrum, acts in 
5-7 days 
Triclopyr 
• Systemic 
• Selective for broadleaved plants 
• No label restrictions for swimming or fishing 
• Not effective on monocots Lakes and slow flowing areas, purple loosestrife 
Selective to broad 
leaves acts in 7-10 
days, up to 2 weeks 
Complexed 
Copper 
compounds 
• Rapid action 
• Low cost 
• Approved for drinking water 
• Toxic to fish and mollusks, particularly in soft water 
• Accumulates in sediment, but biologically inactive 
Lakes as algaecide, 
herbicide in higher 
exchange areas 
Broad spectrum, acts in 
7-10 days or up to 4-6 
weeks 
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Emergent weed control methods 
Purple loosestrife 
Hand pulling or digging has been successful in controlling small patches of young plants, 
which can be removed by hand with little effort. Mature plants are more difficult, but not 
impossible to remove by digging. The root mass should be removed, making sure that all pieces 
have been collected. Purple loosestrife will re-root from the smallest rhizome fragments and 
from broken stems (CDFA, 2001; Bender and Rendall, 2001). Where plant digging is not 
feasible, removal of flower stalks helps slow the spread of seed. Plants can be flagged after 
removal of flowers in the early summer, and then dug up in fall prior to dieback, when the 
ground is softer. All plant fragments including roots and broken stems should be removed and 
destroyed by bagging plant material and allowing it to completely dry out, before disposing 
(CDFA, 2001). Because hand removal can leave fragments, a combination of mechanical and 
chemical methods may be more effective. 
Spot application of glyphosate directly on to purple loosestrife can be safely done by 
cutting off all the plant’s stems to six inches and then painting or dripping the herbicide onto the 
cut surface (Henderson, 1987). Spraying can be also done and studies indicate it is best to spray 
no more than 25 to 50 percent of the plant’s foliage to help limit overspraying that might damage 
neighboring vegetation (Bender and Rendall, 2001). The major disadvantage of using glyphosate 
is that it is non-specific systemic. Broadcast spraying of such an herbicide kills all of the 
vegetation in a treatment area may result in an increase of purple loosestrife density because of 
seed germination following the removal of the competing native vegetation (Bender and Rendall, 
2001). However, careful application of glyphosate can lead to eradication of the invasive plants 
while maintaining the surrounding native vegetation. This would be more effective than pulling 
or digging, since it will kill the entire plant, including roots and rhizomes without disturbing the 
soil and generating fragments. Triclopyr is also effective in controlling purple loosestrife in a 
foliar spray application. The choice of application technique and timing determines efficacy and 
should minimize off-target effects. However, the use of chemicals is somewhat limited by legal 
issues, which is discussed in the Permits section. 
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Control and eventual eradication may also be achieved using biological methods. As 
mentioned previously, Clatsop County Soil and Water Conservation District is currently 
overseeing the release of insects for the biological control of purple loosestrife in Clatsop 
County. Clumps of purple loosestrife must be at least ¼ of an acre in area to sustain an 
established population of insects for biocontrol (Coombs, 2004). 
 
Yellow flag iris 
Manual or mechanical methods that remove the entire rhizome mat can successfully 
control small, isolated patches of yellow flag iris (Tu, 2003). These methods are time and labor 
intensive, and may be only somewhat successful, since plants can easily propagate from rhizome 
fragments (Clark et al, 1998 in Jacono, 2001). Pulling or digging the plants repeatedly over 
several years, may provide adequate control and eventually cause death. Care should be taken 
when pulling or digging the plant, since resinous substances in the leaves and rhizomes may 
cause skin irritation (Cooper and Johnson, 1984 in Jacono, 2001). If digging is not feasible 
clipping flower heads and seed pods may slow the development and spread of seeds, but will not 
kill the plant. Seeds are buoyant and water is the primary dispersal method (Tu, 2003). Seeds and 
rhizome fragments may be dispersed by wind throughout the lake. If seeds are deposited onto 
moist soil, such as the lakeshore, they have a high germination rate (Coops & Van Der Velde 
1995). It is important to dispose of all plant fragments to prevent the spread of the plant around 
the lake. Yellow flag rhizomes are very drought resistant and excavated rhizomes can continue 
growing for three months without water (Sutherland, 1990). No biological controls are currently 
available for yellow flag iris control (Tu, 2003). 
Because hand removal can leave fragments, a combination of mechanical and chemical 
methods may be more effective. Successful control has been achieved by directly applying 
glyphosate to fresh cut stems with a wick applicator or a backpack sprayer (Tu, 2003). Wick 
applications involve using various types of sponges to directly paint on or apply the herbicide to 
the leaves of the plant. Glyphosate can be applied to yellow flag iris with a dripless wick on the 
leaves, which will limit the herbicide to the problem plant or sprayed, whichh can increase the 
chance of unwanted control of native species. As mentioned previously, the use of chemicals is 
somewhat limited by legal issues, which is discussed in the Permits section below. 
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Permits and Regulations 
Introduction 
Permits are required for implementation of many aquatic plant management techniques. 
Many different agencies are involved, and each has their own unique requirements depending on 
the selected control method, timing, area affected, presence or potential presence of any 
endangered or threatened species. Often several agencies on several levels, local, State and 
Federal, have authority; particularly in waterbodies that are designated as critical salmon habitat 
(Table 6). A detailed description of the permit requirements follows and contact information for 
each agency can be found in Appendix A-4. 
 
Table 6. Agencies which could be involved in permitting for plant control methods. 
Method Local Agency State Agencies Federal Agencies 
Benthic Barriers Clatsop County Oregon DSL ODFW 
USACE 
USFWS 
NOAA-Fisheries 
Water level drawdown Clatsop County ODFW USFWS NOAA-Fisheries 
Dredging Clatsop County Oregon DSL ODFW 
USACE 
USFWS 
NOAA-Fisheries 
EPA 
Hand Removal Clatsop County ODFW USFWS NOAA-Fisheries 
Harvesting Clatsop County ODFW USFWS NOAA-Fisheries 
Cutting Clatsop County ODFW USFWS NOAA-Fisheries 
Sediment Agitation Clatsop County 
Oregon DSL 
ODFW 
Oregon DEQ 
USACE 
USFWS 
NOAA-Fisheries 
EPA 
Rotovation Clatsop County 
Oregon DSL 
ODFW 
Oregon DEQ 
USACE 
USFWS 
NOAA-Fisheries 
EPA 
Diver-operated suction harvesting Clatsop County 
Oregon DSL 
ODFW 
Oregon DEQ 
USACE 
USFWS 
NOAA-Fisheries 
EPA 
Grass Carp Clatsop County ODFW USFWS NOAA-Fisheries 
Herbicides Clatsop County ODFW Oregon DEQ 
USFWS 
NOAA-Fisheries 
EPA 
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Clatsop County 
Clatsop County designates land use within the county by assigning zones. These zones 
dictate what types of activities can occur on the land within the zone. Some activities may be 
limited by restrictions that are created to protect natural resources or beneficial uses such as 
recreation. Overlay districts are a type of zone over an area that has already been designated as a 
specific zone. This lake falls within two overlay districts and one zone. The two overlay districts 
are the Shoreland Overlay district and the Beach and Dune Overlay district. 
The Shoreland Overlay district includes areas within 50 feet of a coastal lake (Section 
4.080). The purpose of this district is to manage uses and activities in coastal shoreland areas. 
The lakes fall into Category 2 Coastal Shorelands (Section 4.086(2)). This category allows 
projects for the protection of habitat, nutrient, fish, wildlife and aesthetic resources. The Beach 
and Dune Overlay district includes the beach and dune hazard area (Section 4.040). The intent of 
this district is to regulate the uses and activities within these areas to conserve, protect and 
restore the resources of the beaches and dune. 
The zone underlying these two overlay districts, the Lake and Wetland Zone (Section 
3.610), is to ensure the conservation of important shoreland and wetland biological habitats to 
maintain the diversity of species and ecological regions in Clatsop County. The rules and 
regulations of this zone supersede those of the overlay zones. Conditional use permits will be 
required for all of the weed management activities in this lake. A Conditional Use Permit is 
required for the following activities within this zone: active restoration (including any aquatic 
vegetation removal), boat launch development, and vegetation removal from coastal lakes east of 
U.S. Highway 101 that is acceptable to ODFW and other state and federal agencies (Section 
3.614:1,3,6). 
Conditional use permits cost between $600 and $800 and can take one to three months to 
obtain. Authorization of the conditional use granted by the permit is void after two years, 
however an extension of up to one year may be granted. Homeowners associations or landowner 
groups can apply for the permits for all aquatic plant management methods under one permit, 
reducing the cost of the permit. In addition, if any state or federal permits are required for the 
proposed action, the applicant must submit a copy of these permits, prior to the issuance of a 
development permit or any action. The presence of Endangered Species Act (ESA)-listed or 
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Oregon State listed endangered or threatened species will require consultation between the 
county and state and federal agencies prior to issuance of the permit. This consultation may be 
informal and straightforward or can be formal and complex. The type of consultation required 
and time frame for completion varies with the species present and project specifics. 
The permits can be obtained from the Clatsop County Community Development 
Department. Contact information for Community Development is available in Appendix A-4. A 
copy of the Conditional Use Permit application is in Appendix A-5. 
 
Oregon Division of State Lands and US Army Corps of Engineers 
Oregon Division of State Lands (DSL) regulates the submersed lands of the state, 
including lakes, regardless of ownership. Oregon’s Removal-Fill law (ORS 196.795-990) 
requires individuals and groups who plan to remove or fill material in waters of the state to 
obtain a permit from DSL. Permits or General Authorizations (see description below) are 
required for: projects requiring the removal or fill of 50 yds3 or more of material in waters of the 
state, or the removal or fill of any quantity of material, in a water body designated as Essential 
Salmon Habitat. The law does not apply if the work in waters of the state is for the fill or 
removal less than 50 yds3, except in essential, indigenous, anadromous, salmonid habitat and 
scenic waterways (ORS 196.810(b)). Sunset Lake has not been designated as a scenic waterway 
or Essential Salmon Habitat. 
Any aquatic plant management activities that involve sediment removal or fill in water 
bodies that are designated as Essential Salmonid Habitat requires consultation between DSL and 
the Oregon Department of Fish and Wildlife. In water bodies that contain ESA - listed salmonids 
or are designated Critical Habitat, sediment removal or fill would also require consultation with 
and approval from NOAA Fisheries. If ESA-listed amphibians, freshwater fish or avian species 
that are present within the project area, DSL would seek consultation from the U.S. Fish and 
Wildlife Service (USFWS). Additional consultation may occur with other agencies, such as DEQ 
or the Environmental Protection Agency (EPA), both of which regulate water quality. This 
consultation may be informal and straightforward or can be formal and complex. The type of 
consultation required and time frame for completion varies with the species present and the 
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specifics of the project. A recent species list will need to be acquired from both the USFWS and 
NOAA Fisheries to determine if any listed species are present in the lake. The permit will need 
to identify how (if at all) the listed species will be impacted by the project. Application fees for 
Individual permits range from $50 to $600 depending on the status of the applicant (private, 
public or commercial) and the quantity of material removed and/or filled. 
The amount of sediment removed is measured annually so a landowner would need to 
wait one year prior to removing up to another 50 yds3. The amount of sediment removed is based 
on who pays for the removal, a group or an individual. For example, if a homeowners association 
were to hire a backhoe to do small scale dredging around docks in the lake, the 50 yds3 limit 
would apply to all of the participants, thereby limiting the amount of sediment that could be 
removed around each dock. If each individual hired a backhoe, up to 50 yds3 could be removed 
before triggering a permit. However, a group of landowners pooling their money to pay one 
contractor for a job would be limited to removal of a total of 50 yds3. Each individual would not 
be allowed 50 yds3. 
DSL issues a streamlined type of permit called a General Authorization for certain types 
of activities, such as smaller projects, such as the General Authorization for Minimal 
Disturbances Activities (less than two yds3) within Essential Salmon Habitat. There are several 
different types of General Authorizations, including the one mentioned above. There is currently 
no cost for applications for General Authorizations. It is unlikely that any of the weed control 
methods employed in Sunset Lake will qualify for a General Authorization. 
Many projects that require a DSL removal-fill permit will also require a federal permit 
from the U.S. Army Corps of Engineers (USACE). DSL and the USACE use a joint permit 
application form; so only one application needs to be completed to obtain both permits. 
However, a copy of the application must be sent to both agencies. 
The USACE regulates fill placed in non-navigable wetlands and waterways under 
Section 404 of the U.S. Clean Water Act, and regulates all structures and work in or affecting 
navigable waters of Section 10 of the Rivers and Harbors Act. Each situation must be evaluated 
by USACE and a permit may or may not be required depending on the site. Some activities, such 
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as bottom barriers, may qualify for a Nationwide permit, which is a streamlined, no cost permit 
typically issued for activities that take place often. 
Landowners and lake managers should contact the USACE and the DSL Resource 
Coordinator for Clatsop County prior to placing any structures or performing other management 
activities in the lake. Permits are required for activities such as benthic barriers, dredging, 
sediment agitation and rotovation. The permits can be obtained from DSL’s webpage. Contact 
information including website links for DSL and the USACE is available in Appendix A-4. 
Copies of the permit applications are in Appendix A-5. 
 
Oregon Department of Environmental Quality 
The Oregon DEQ is the state agency responsible for protecting Oregon's surface waters 
and groundwater. Their mission is to keep these waters safe for a wide range of uses, such as 
drinking water, recreation, fish habitat, aquatic life, and irrigation. DEQ’s Water Quality 
Program accomplishes this through regular monitoring, inspection, regulation and development 
of water quality standards for Oregon's waters and permits based on those standards and 
regulations. Aquatic plant management options that may create turbidity include dredging, 
sediment agitation, rotovation and diver operated suction harvesting. In addition, there are 
extensive permit issues regarding the application of herbicides. Each of these situations is 
described below. 
 
Turbidity 
Dredging, sediment agitation, rotovation and diver-operated suction harvesting all create 
turbidity during the removal of aquatic plants. The existing turbidity rule in division 340-41 
refers to a maximum increase in turbidity of 10 percent relative to upstream water. This rule, 
however, refers specifically to streams and not to lakes. DEQ is currently developing a new 
turbidity standard that addresses a wider range of circumstances with more specific endpoints. 
"Ponded systems" such as lakes are specifically addressed. The new draft rule states there is a 
limited allowable increase of turbidity in terms of NTUs (nephelometric turbidity units) and a 
limited percent increase in turbidity within a specified distance. These draft limits will 
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approximate the 10 percent rule currently in place for streams; however specifics are not yet 
available. A permit may be required for those methods that stir up sediments and create turbidity, 
such as rotovation, sediment agitation, dredging, and diver operated suction harvesting. 
Precautions such as using a sediment curtain to limit the spread of the turbid water during small 
scale sediment removal should always be taken. Landowners should contact the North Coast 
Basin TMDL Coordinator prior to beginning any work (see Appendix A-4 for contact 
information). 
 
Herbicides 
Prior to 2001, aquatic herbicide applicators were required to follow EPA-approved 
product labels that are regulated and enforced under authority from FIFRA – no application 
permit was required in Oregon. In 2001, however, the U.S. 9th circuit Court of Appeals decided 
in the Talent Case (No. 99-35373) that a National Pollutant Discharge Elimination System 
(NPDES) permit is required for aquatic herbicide applications. 
How the Talent decision will be implemented in Oregon is not yet clear. NPDES permits 
typically include limits on the quantity and concentration of pollutants allowed in a discharge as 
well as sampling and monitoring, record keeping, and reporting requirements. There are two 
types of NPDES permits: an “individual” permit issued for a site-specific activity and a 
“general” permit issued for a category of activities with similar discharges. In Oregon, the 
application fee for an individual permit is approximately $10,000 with an annual fee of about 
$2,500 to maintain the permit. NPDES permits are issued for a period of five years. 
The alternative to an individual permit is a general permit, which could be structured in a 
variety of ways provided that the standard conditions developed in the permit are adequate to 
protect the environment. A general permit could be developed to allow for a broader use of a 
particular herbicide on more than one noxious aquatic weed species, or the permit could focus on 
a specific weed and allow a variety of herbicides to be used. A general permit could be issued to 
anyone that can meet the terms and conditions of the permit. In Oregon, general permits must be 
issued through a formal rulemaking process, which may take six to nine months. Permit 
development costs for DEQ are in the range of $50,000 to $100,000, but the permit application 
fee is set in rule at approximately $700 with an annual fee of $350. As a result, a general permit 
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is considered only when there is the potential for multiple permittees and thus a reduction in 
overall administrative costs. 
The State of Oregon has not yet developed any general permits for aquatic herbicides. 
There are individual permits that have been issued for aquatic herbicide treatment of irrigation 
canals; however, these have recently been revoked. DEQ revoked the permits to comply with an 
order from the U.S. District Court for Oregon (Northwest Environmental Advocates v. US EPA, 
D.Or.No. CV-01-510HA). The court determined that EPA failed to approve DEQ’s “alternate 
mixing zone standard” and ordered DEQ to revoke all permits that were based on this standard. 
The irrigation permits used this standard to allow for larger areas of toxicity. While it is not 
likely that DEQ will issue any NPDES permits for aquatic pesticides in the immediate future, it 
is reasonable to assume that NPDES permitting issues within the state will eventually be 
resolved. 
Oregon DEQ’s current policy is that it will not take enforcement action against aquatic 
pesticides applications made without an NPDES permit, provided the applications are consistent 
with EPA guidance (in compliance with FIFRA). Since the Talent decision, Oregon DEQ has 
issued MAOs (Mutual Agreement and Orders) in lieu of NPDES permits as a regulatory 
mechanism. Although an MAO does NOT provide any measure of protection against citizen 
lawsuits, it does demonstrate due diligence on the part of the project proponent. 
The application process and costs for an MAO are the same as those for an individual 
NPDES permit and can take the same amount of time (~ 6 months). The current priority of DEQ 
regarding permits is to reduce the backlog of expired permits, so an MAO could conceivably 
take longer than 6 months to obtain. Lake Oswego Corporation retained legal counsel at 
significant cost to assist in the application process for their MAO. They have obtained an MAO 
and use aquatic herbicides for control of aquatic macrophytes in the lake. The Corporation has 
also applied for an NPDES permit, but permit development is on hold. Contact information for 
DEQ is available in Appendix A-4. 
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Oregon Dept. Fish and Wildlife 
The Oregon Department of Fish and Wildlife is responsible for protecting fish and 
wildlife in Oregon. Their mission is to protect and enhance Oregon's fish and wildlife and their 
habitats for use and enjoyment by present and future generations. ODFW has jurisdiction over 
issuing permits for the stocking of grass carp for aquatic plant management. Aquatic plant 
management methods may disturb aquatic fish and wildlife species by altering their habitat. 
ODFW has issued guidelines for the timing of in-water work, including aquatic plant 
management, to protect and minimize any potential impacts on fish and wildlife. 
 
Grass Carp Permit 
Permits from ODFW are required for stocking grass carp in water bodies in Oregon. 
There are several provisions for grass carp use in Oregon including: 
• Water body must be on private land 
• Water body must be less than 10 acres 
• The inlets and outlets of the water body must be screened 
• Water body must not be within the 100 year floodplain 
• Grass carp must be sterile, tagged to identify the owner and less than 12 inches in length 
• Stocking rates cannot exceed 22 fish per acre 
The Oregon Fish and Wildlife Commission recently amended these rules to allow 
exception to the water body size limit and the floodplain requirement, provided that the applicant 
can ensure that the grass carp are unable to leave the water body. The commission approves each 
request for exception to the rules on a site-by-site basis (ODFW, 2003c). Contact information for 
ODFW is available in Appendix A-4. Copies of the regulations for stocking grass carp are in 
Appendix A-5. 
 
In-water Work Guidelines 
ODFW (2000) has created guidelines for the timing of in-water work to protect fish and 
wildlife resources. The guidelines provide the public with a way to plan in-water work during 
periods of time that would have the least impact on fish, wildlife and habitat resources. ODFW 
will use the guidelines as a basis for commenting on planning and regulatory processes. This 
Sunset Lake Integrated Aquatic Vegetation Management Plan 
 63
includes consultation during the review process for Conditional Use Permits from Clatsop 
County or Removal/Fill Permits from DSL and the USACE. The preferred work period applies 
to the listed streams, unlisted upstream tributaries and associated lakes and reservoirs. The 
preferred work period for coastal lakes is July 1st through September 15th. ODFW may grant 
exceptions to the preferred work period, on a case by case basis. Most control methods are meant 
to control aquatic plants during the growing season, which can range from as early as April to as 
late as September. Residents will need to get an extension for the recommended work period 
from ODFW in order to control weeds between February 15th and October 1st. 
 
Evaluation of Lake Specific Weed Control Alternatives 
Introduction 
Sunset Lake has two invasive emergent aquatic plants, and one invasive aquatic floating 
plant, all of which are significantly altering the lakes ecosystem and interfering with the 
beneficial uses of the lake. Integrated management of these weeds requires evaluation of the 
available control methods with consideration of the abundance and distribution of the plants 
present, management goals, legal and economic constraints, and possible impacts of management 
activities. Evaluation of the control alternatives also requires an examination of the appropriate 
control intensity. To minimize the impact of managing aquatic weeds on the native fish, wildlife, 
and plants, the intensity of control for the lake needs to be determined. An examination of the 
three levels of control intensity and the appropriate level of control for Sunset Lake is included. 
The available control methods previously described are evaluated below. 
 
Control Intensity 
When managing aquatic weeds, it is important to take into consideration the presence of 
native plant and wildlife species that may be harmed by managing the invasive aquatic plants in 
the lake. As discussed above, this is particularly important when there are threatened or 
endangered species present. Several of the available plant management options indiscriminately 
remove all plant species. This may be appropriate in irrigation canals or storage reservoirs where 
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no vegetation is desired, but native vegetation is desirable in a natural system. To reduce the 
impact on native vegetation and wildlife it is necessary to decide the proper level of control for 
specific use areas in the lake, which are no control, low level control, and high level control. 
 
No Control 
In some cases it may be necessary to leave special habitat areas within the lake 
untouched. This is especially true when the control techniques available may have a net negative 
impact on habitat quality. If management techniques degrade the function of shoreline wildlife 
conservancy areas, e.g., nesting and forage sites for waterfowl and other animals, no control 
should be considered in these areas. Native plant beds that function as fish spawning sites should 
be preserved or subjected to minimal treatment. In some cases, the presence of native plants may 
have aesthetic value to the surrounding community. 
 
Low-level Control 
Low level control usually involves only a partial removal of vegetation. For instance, in 
lakes where a warm-water fishery is important, using mechanical means to develop fish lanes 
through vegetation can be quite valuable. Low-intensity control efforts are also important in 
shoreline treatments where emergent vegetation is to be protected. Low-level control maximizes 
enjoyment of a water body while minimizing plant removal. A benefit of low-level control using 
mechanical means is the low treatment cost per acre because only patches of vegetation are being 
removed. The disposal cost of the removed material is much less than if the entire plant 
population were removed. The south end of the lake, near Sunset Creek is an example where low 
control is the best option. 
 
High-level Control 
The occurrence of certain aquatic plant growth situations may require aggressive control. 
The presence of invasive non-native plants may justify such measures to remove plants, 
especially where critical salmonid habitat may be jeopardized. It may be necessary to clear all 
vegetation from swimming or wading areas for safety reasons. Other areas requiring intensive 
removal may include areas around docks, swimming areas or boat ramps. It is important to note 
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that the latter two examples describe small scale, localized treatments. Lake-wide control efforts 
affecting all of the aquatic plants are not appropriate, except in lakes where invasive, non-native 
plants are the only plants present. 
 
Control Level for Sunset Lake 
The overall management goal is to control the invasive weeds in Sunset Lake in a manner 
that allows native plant and animal communities to thrive, maintains water quality and facilitates 
recreational enjoyment of the lake. Sunset Lake contains rainbow trout along with several types 
of warm water fish, which have been introduced over the years as game fish. The emergent 
vegetation surrounding the lake includes two invasive plants, purple loosestrife and yellow flag 
iris. Non-native, invasive, nuisance aquatic plant species are abundant in the lake. Neither the 
“no control” nor the “low control” option is appropriate in this lake. A modified high-level of 
control is appropriate for the management goal in Sunset Lake. The management goal will 
require a high-level of control for the north and middle parts of the lake and the narrow areas as 
well as around private docks. Low-level control or no control is appropriate for most of the south 
lake where native plants are dominant. 
 
Evaluation of Control Methods 
There are many different weed management techniques that could be employed to meet 
the management objectives for Sunset Lake. These techniques were evaluated for effectiveness 
against the target plants, scale and intensity of control provided, timing, permitting constraints, 
and costs. Other factors that influenced selection of management methods included the role of 
watershed nutrient loading in causing nuisance algae blooms and the potential for weed 
management activities to exacerbate water quality problems, impact beneficial uses, and the 
presence of threatened and endangered species. These considerations narrowed the list of 
applicable methods to hand removal, mechanical harvesting, small scale cutting, benthic barriers, 
sediment agitation, small scale dredging, and herbicides (Table 7). The rationale for the selection 
of these methods is discussed below. 
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Table 7. Summary of suitable methods and recommendation for or against their use for managing aquatic 
weeds in Sunset Lake. 
Method Recommended for Sunset Lake Comments 
Mechanical    
Hand removal Yes Small areas: around docks and in front of homes 
Harvesting Yes Harvest fragrant waterlily 
Cutting - small scale Yes Small areas: around docks and in front of homes 
Cutting - large scale No Leaves fragments to decompose, water quality and aesthetic issues
Rotovation No Environmental impacts too severe, permit issues 
Diver Suction Harvesting No Not suitable for large scale infestation 
Physical   
Benthic Barriers Yes Small areas: around docks and in front of homes 
Sediment Agitation Yes Around docks and in front of homes 
Drawdown No Not effective in Pacific NW lakes 
Dredging – large scale No Environmental impacts too severe, permit issues 
Dredging – small scale No Environmental impacts too severe, permit issues 
Biological   
Purple loosestrife insects No Purple loosestrife population not large enough 
Grass carp No Do not eat fragrant waterlilies 
Chemical   
Fluridone No Whole lake treatment 
Glyphosate No Small scale and whole lake treatment 
Endothall No Around docks and in front of homes 
2,4 - D No There are more suitable herbicides 
Diquat No Around docks and in front of homes 
Triclopyr No More expensive than glyphosate 
Copper Compounds No Not available for  use in Oregon water bodies  
 
Diver-operated suction harvesting, water level drawdown and biological methods using 
insects and grass carp were simply not suitable for emergent, floating and submersed aquatic 
weed control in Sunset Lake. Diver operated suction harvesting is appropriate for large scale 
infestations such as exist in Sunset Lake and the large rhizomes of fragrant waterlilies are not 
controlled by this method. Diver operated suction harvesting would be better utilized to treat 
small areas after the cover and density of these plants has been reduced by other methods. This 
method could also be used to treat pioneering infestations of other invasive plants or as a spot 
treatment after herbicide use. 
Water level drawdown is not suitable for Sunset Lake because it has not been successful 
as a weed control method in other Pacific Northwest lakes (Geiger, 1980). The mild winter 
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weather would not ensure freezing of the sediments or plants and the combination of 
groundwater seepage and heavy rain would prevent thorough drying of the plants and their roots. 
There is also no water level control structure in place. The lake would have to be lowered to a 
depth of 4.2 meters to control the fragrant waterlilies, leaving little water in the lake. This would 
interfere significantly with the beneficial uses of the lake. 
Biological control of purple loosestrife and the floating and submersed plants is not 
appropriate in Sunset Lake. The insects that control purple loosestrife are not effective on plant 
populations smaller than ¼ of an acre (Coombs, 2004). Grass carp are not suitable for aquatic 
plant control in Sunset Lake because carp do not eat fragrant waterlilies, one of the main plants 
of concern in the lake. Because the lake does not meet the size requirement (less than 10 acre) 
established by ODFW, landowners would have to apply for an exception to stock grass carp. The 
grass carp could adversely affect water quality and aesthetics through increased turbidity and 
more frequent algal blooms associated with plant removal. Total eradication of all aquatic plants 
in the lake, a potential outcome from the use of grass carp, is not the desired endpoint in the 
management of Sunset Lake. 
Large scale cutting, rotovation, large scale dredging and herbicides were rejected because 
of the detrimental impacts they would have on water quality and beneficial uses as well as 
permitting issues and cost. Large scale cutting is not recommended because water quality and 
aesthetics are important beneficial uses of the lake and the fragments created from cutting will 
negatively degrade both of these uses. Large scale cutting does not involve removing the plants 
from the water as does harvesting. Decomposition of cut plants could release nutrients in the lake 
and cause algae blooms, decrease dissolved oxygen, and create unsightly and unpleasant odors. 
Rotovation and dredging were rejected because of water quality concerns, lake bottom 
obstructions, mobilization cost and permit issues. Both dredging and rotovation have significant 
impacts on sediments and, potentially, water quality that may harm fish and wildlife and require 
mitigation. Dredging and rotovation would create turbidity in the lake. This change in water 
quality, when coupled with the removal of aquatic vegetation and nutrient loading from the 
watershed, could contribute to a shift in the stable state of the lake. The excess nutrients and 
decrease in competition from aquatic plants could allow increased algae growth, causing the lake 
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to shift from a clear, plant dominated state to a turbid, algae dominated state (Scheffer, 1998). 
Obstructions on the lake bottom pose a significant impediment to both these methods.  
The costs of initial mobilization are significant for these both methods. It is more cost 
efficient to treat a larger area which would require a permit from DSL and the USACE. The 
permitting process for dredging and rotovation for more than 50 yds3 would be time-consuming 
and expensive, and mitigation measures would likely be required. The activities may, ultimately, 
not be permitted. The risk of failure to obtain a permit coupled with the costs were judged too 
high to justify pursuing these options. 
Herbicides were rejected due to unresolved permit issues that currently complicate 
herbicide use in Oregon. As with dredging and rotovation, herbicides may be effective in some 
situations in Sunset Lake but permitting issues make them difficult to implement at this time. An 
MAO may be issued, in lieu of a permit, as discussed above. However, there is no lake 
association or homeowners association on the lake that could bring all parties from around the 
lake together to apply for an MAO.  Herbicide use should be reconsidered when non-point 
discharge elimination system permit issues in Oregon are resolved or when an organized group is 
created to seek an MAO. 
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Integrated Treatment Recommendation for Sunset Lake 
The recommended weed management measures for Sunset Lake include a combination of 
small scale and large scale control strategies. The small scale strategy focuses on implementing 
techniques that are effective around docks and small waterfront areas using hand removal, 
cutting, bottom barriers, sediment agitation and dredging. The large scale strategy uses a 
harvester to maintain boating access in the lake to open water areas until permits can be obtained 
for herbicide application. Preventing the introduction of new invasive aquatic plants is a key 
element of the management plan. Activities for preventing new introductions, small and large 
scale management strategies, and estimated costs are discussed below and summarized in Table 
8. 
 
Table 8. Recommended strategy for aquatic weed control in Sunset Lake. 
Prevention Small Scale/Individual Actions 
• Benthic barriers 
• Hand removal 
• Cutting 
• Sediment agitation 
 
Large Scale Methods 
Monitoring 
New Introductions 
• Annually: boat ramp 
• Biannually: whole lake 
Water Quality  
• Annual two times per year 
Education 
• Brochure 
• Signs 
Rapid Response Plan 
• Harvesting 
 
Recommended Methods, Costs, and Potential Funding 
Prevention 
Preventing the introduction of new invasive aquatic plant species to Sunset Lake is a key 
component of the integrated management plan. The recommended prevention actions include 
educating lake users and landowners information about invasive species and the likely pathways 
of introduction to Sunset Lake. Prevention also includes monitoring for new invaders to facilitate 
early detection, rapid response, and prevention of spread of newly introduced plants. 
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Education 
Boats launched in Sunset Lake following use in other weed-infested water bodies may 
introduce new invasive plants to the lake. A sign instructing boaters to clean their boat and trailer 
prior to launch and upon leaving Sunset Lake should be installed at the boat ramp (Table 9). 
Information on the impacts, pathways of introduction, and importance of boat cleaning and 
disposal of aquarium and water gardening plants should be available at watershed council and 
homeowner association meetings.  A brochure about the lake should be created that details the 
above information, and discourages the intentional or accidental introduction of invasive aquatic 
plants into the lake. The brochure should be distributed to all residences around the lake. In 
addition, information about the project and invasive aquatic plants in Clatsop Plains lakes should 
be placed on the websites of the Necanicum Watershed Council and the Clatsop Soil and Water 
Conservation District. 
 
Monitoring 
Monitoring is vital to preventing the introduction of invasive aquatic plants not currently 
present in the lake. Consistent monitoring will facilitate rapid response to the presence of new 
invasive aquatic plants, thereby reducing their impacts to the lake. Monitoring provides 
information needed to assess the effectiveness of the different management strategies that have 
been implemented. A monitoring plan is required for early detection of new invasions and to 
track changes in the abundance and distribution of the aquatic plants in Sunset Lake over time 
(Table 9). Detailed surveys of aquatic plants in the lake using a sampling scheme similar to the 
one employed in this study should be done every two years between June and August. This will 
allow managers to detect significant changes in the cover and abundance of aquatic plants in the 
lake, and to evaluate the success of harvesting in controlling fragrant waterlily. Periodic surveys 
of the boat ramp where new plants are likely to be introduced should also be conducted. 
Landowners could conduct these surveys following training by PSU staff in identification of the 
plants currently in Sunset Lake and the most likely new invaders. 
Consistent water quality monitoring is recommended so that changes resulting from 
management activities can be documented. Sunset Lake is nutrient rich, and the rooted aquatic 
plants may provide some limitation on algae abundance (see Surface Water Quality in Clatsop 
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Plains Lakes Vegetation and Water Quality Management; Sytsma and Petersen, 2004). 
Management that reduces the amount of plants in the lake may allow proliferation of algae. A 
long-term record of lake water quality would allow the separation of relatively short-term annual 
variation from the effects caused by management activities (Table 9). This information would 
allow managers to adapt their management strategy to minimize aquatic weed management 
impacts on lake water quality. 
 
Response Plan 
Rapid response to new invaders is contingent upon regular surveys and early detection 
(Table 9). Development of a rapid response plan for new aquatic weeds is critical to effective 
management and preservation of lake resources. A rapid response plan identifies the most likely 
pathways of introduction into the lake and the species most likely to be introduced. It also 
outlines the steps to manage the introduction of a new aquatic plant species. A response plan for 
new aquatic plant introductions should be developed. Eradication of new invaders is possible 
when management efforts are implemented at the beginning of the infestation (Rejmanek and 
Pitcairn, 2002). The response plan should include pre-approval of appropriate eradication 
methods, including use of herbicides. The response plan should also focus on development and 
pre-approval of permits necessary for management of those species most likely to be introduced 
to the lake, such as Eurasian watermilfoil. 
 
 
 
 
 
 
 
 
 
Table 9. Implementation, potential funding and estimated cost information for recommended prevention 
alternatives at Sunset Lake. 
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Prevention Method Implementation Potential Funding Estimated Cost Comments 
Education     
Sign CLR/PSU Sunset IAVMP Committee Sunset IAVMP Committee 
$1,000 
$50/yr 
maintenance 
Cost for design, creation 
& installation of one sign 
Brochure CLR/PSU Sunset IAVMP Committee Sunset IAVMP Committee $1,500 Cost for design & printing 
Monitoring     
New Invasions     
Boat Ramp CLR/PSU Sunset IAVMP Committee Sunset IAVMP Committee $500 
Cost for CLR staff to train 
landowners 
Whole Lake CLR/PSU Sunset IAVMP Committee Sunset IAVMP Committee $3,000 
Assumes 0.49 FTE grad 
student + travel 
Water Quality     
Annual 
Sunset IAVMP Committee 
CLR/PSU 
DEQ 
Sunset IAVMP Committee 
DEQ $5,000 
Assumes 0.49 FTE grad 
student, travel and lab 
analysis 
Rapid Response     
Response Plan 
CLR/PSU 
Sunset Lake IAVMP 
Committee 
Sunset Lake IAVMP 
Committee. 
$15,000 - 
$30,000 
Assumes 0.49 FTE grad 
student 
 
Small scale control methods 
Small scale or individual methods are weed control options that are best used in smaller 
areas where high intensity control is needed. Small scale or individual control methods include: 
benthic barriers, hand removal, cutting, sediment agitation and small scale sediment removal for 
submersed weed control and hand removal for emergent weed control. They are limited in scope 
by high cost per unit area, intensity or effort required. Individuals can use these methods to 
control both submersed and emergent aquatic weeds in front of homes and around personal 
docks to create areas for swimming, wading and boating. These methods can be used throughout 
the growing season. The in-water work window for north coastal lakes is July 1st through 
September 15th. Residents will need to seek an extension from ODFW of this work window to 
utilize these methods during the growing season. All of these methods also require a permit from 
Clatsop County prior to beginning control.  
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Submersed Weed Control 
Benthic barriers could be used around docks and in front of homes to create weed free 
areas for swimming and recreation, and to allow access to the rest of the lake (Table 10). Barriers 
can be easily constructed and installed by the homeowner or by a contractor, and should provide 
season long control. Barriers should be installed early in the growing season, before the plants 
begin to grow, or the plants should be cut prior to installation later in the year. The barriers will 
require regular maintenance to prevent clogging of the screen by sediment and detritus, which 
will limit the release of gases produced from decomposing plants and rhizomes. Gases will cause 
the barriers to balloon so they will need to be checked regularly. Barriers should be removed at 
least once a year for repairs and maintenance. Some residents have experienced difficulty in 
attaching barriers to the bottom through the thick rhizomes of fragrant waterlily (WDOE, 2004). 
Mounting barriers on frames of PVC pipe filled with sand may facilitate installation and 
removal. 
Hand cutting and hand raking can be used around docks and in areas that a harvester 
cannot access. Hand cutting would work best for fragrant waterlilies since their stems are thick 
and tough and cutting would be easier than raking. Regular cutting of new leaves over two to 
three seasons may lead to rhizome death and eradication of waterlilies within the treatment area 
(WDOE, 2003). Dead rhizomes and attached sediment may float to the surface in a mat. Plant 
fragments and rhizome mats should be removed and disposed for aesthetic, ecological and safety 
reasons. The decomposing plant material may lead to unsightly and odorous shoreline conditions 
and decreased dissolved oxygen concentrations. The mats also present a safety risk to swimmers 
and boaters. Cutting or raking will need to be done regularly to maintain clear areas, as the plants 
may grow back quickly. Since some roots may be removed by raking, it may have some long-
term effect. Hand cutting and raking are inexpensive methods that can easily be done by 
individual landowners (Table 10). 
Battery-powered or boat mounted cutters are a high intensity method that could be used 
around docks and in front of homes to create weed free areas for swimming and recreation 
(Table 10). Boat-mounted or battery-powered cutters can be used to clear areas more quickly 
than is possible with hand cutting, and raking. Boat-mounted cutters can be used in deeper water 
or when the lake bottom presents a safety hazard. A battery-powered or boat-mounted cutter 
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could be purchased by a group of landowners and rented out to homeowners for a small fee 
during the growing season. As noted above, plants may regrow rapidly and frequent cutting (two 
to three times per year) will be required for acceptable control. 
Sediment agitation devices can provide high intensity control around docks and other 
floating structures (Table 10). These electric powered, mechanical devices use a roller on the 
sediment surface or rakes or chains to regularly drag and break plants, which eventually causes 
their death. They are a recent innovation, and long-term efficacy and durability are unknown. 
The devices can be installed by the landowner, and periodically relocated to increase cost 
effectiveness. Weed rollers cannot be used where the bottom is uneven or where there are rocks 
or submersed obstacles. Devices that use rakes and chains may be ineffective on the tough, thick 
stems of fragrant waterlily. Although manufacturers have not mentioned fragmentation of plants 
as a problem, fragments produced by the devices may need to be removed from the water for 
aesthetic reasons. Maintenance should be minimal if the lake bottom is clear of obstructions. 
 
Emergent Weed Control 
Knowledge of the location and extent of yellow flag iris and purple loosestrife around the 
lake is limited. Locating the populations of purple loosestrife and yellow flag iris should be the 
first step in control and eradication of these plants. Once the location of the emergent weeds is 
known, they can be controlled using hand removal methods. 
As with all invasive aquatic plants, the key to successful, cost-effective control is to begin 
efforts while populations are still small and manageable (Tu, 2003). The best control of purple 
loosestrife and yellow flag iris can be achieved using a combination of control methods. It is 
critical that any control effort be conducted for several years since the initial control effort may 
miss some plants, some plants may survive treatment and new seedlings may sprout from the 
seed bank (Bender and Rendall, 2001). 
Hand digging and pulling of small clumps of purple loosestrife and yellow flag iris 
around the lake can be effective (Table 10). If hand digging is not feasible, clipping of flower 
heads before plants set seed can be effective in slowing the spread of seeds. Seed pods of yellow 
flag iris can also be clipped. Plants can be flagged when in bloom for easy identification. Flowers 
and any seed pods should be removed and then flagged plants can be dug up in the fall prior to 
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dieback, when the ground is softer and digging and pulling are easier. All plant fragments 
including stems, roots and rhizomes should be bagged and disposed of properly. Plant fragments 
should not be composted because any fragments, flowers or seeds may lead to the spread of these 
plants. Purple loosestrife will re-root from the smallest rhizome fragments and broken stems. 
Yellow flag iris can easily propagate from small rhizome fragments. 
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Table 10. Implementation, potential funding and estimated costs for small scale/ individual options for weed control Sunset Lake. 
Small scale/Individual Methods Implementation Potential Funding Estimated Cost Comments 
Benthic Barriers     
Application Prep: $0 Sunset IAVMP Committee fills out application 
Clatsop County Permit Sunset Lake IAVMP Committee Clatsop Community Development Dept. 
Sunset Lake 
IAVMP 
Committee Review: up to $881 a Cost for County to review 
Materials & maintenance Sunset Lake IAVMP Committee Individual Landowners 
Individual 
Landowners 
$750 – 1,250 
$150/ yr maintenance 
Cost for materials for one 500 ft2 area; does not 
include costs for construction/installation time 
Hand Removal     
Application Prep: $0 Sunset IAVMP Committee fills out application 
Clatsop County Permit Sunset Lake IAVMP Committee Clatsop Community Development Dept. 
Sunset Lake 
IAVMP 
Committee Review: $up to 881 a Cost for County review 
Cutting Sunset Lake IAVMP Committee Individual Landowners 
Individual 
Landowners 
$120 – 180  
(individual cost) 
Cost for cutter only, does not include costs for 
time required to cut plants 
Raking Sunset Lake IAVMP Committee Individual Landowners 
Individual 
Landowners 
$50 - $170 
(individual cost) 
Cost for rake only, does not include costs for 
time required for raking 
Clipping/digging of purple 
loosestrife and yellow flag iris 
Sunset Lake IAVMP Committee 
Individual Landowners 
Individual 
Landowners $50 - $150 Cost includes equipment, time & disposal 
Cutting     
Application Prep: $0 Sunset IAVMP Committee fills out application 
Clatsop County Permit Sunset Lake IAVMP Committee 
Sunset Lake 
IAVMP 
Committee. Review: up to $881
 a Cost for County review 
Battery powered cutter Sunset Lake IAVMP Committee Individual Landowners 
Individual 
Landowners $2,000 
Cost for cutter only, does not include costs for 
time required for cutting 
Boat mounted cutter Sunset Lake IAVMP Committee Individual Landowners 
Individual 
Landowners $1,500 - $1,800 
Cost for cutter only, does not include costs for 
time or gas 
Sediment Agitation     
Application Prep: $0 Sunset IAVMP Committee fills out application 
Clatsop County Permit Sunset Lake IAVMP Committee Clatsop Community Development Dept. 
Sunset Lake 
IAVMP 
Committee Review: up to $881
a Cost for County review 
Weed Roller or lake rakes Sunset Lake IAVMP Committee Individual Landowners 
Individual 
Landowners 
$2,000 - $3,000; $200/yr 
electricity & maintenance 
Cost for machine electricity & maintenance, 
doesn’t include installation or site prep 
Weed chains Sunset Lake IAVMP Committee Individual Landowners 
Individual 
Landowners 
$1,300; $200/yr electricity & 
maintenance 
Cost for machine electricity & maintenance, 
doesn’t include installation or site prep 
a Price of review varies depending on type of permit required
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Large scale control methods 
Harvesting is the recommended method to control aquatic weeds over a large area. This 
method would be difficult to implement in Sunset Lake due to the limited access provided by the 
current boat ramp. The small, simple structure of the boat ramp limits the launching of large 
watercraft. There are two options to solve this problem: improve the existing boat ramp; or pay a 
crane to come and lift the harvester in and out of the lake. The second option costs about $1,200 
per lift. Harvesting should be done at least two or three times per season, so the costs for the 
crane alone would be between $4,800 and $7,200 per season. This does not include the actual 
cost of the treatment, disposal or the additional cost of the required permit from Clatsop County. 
Improving the boat ramp by modifying the grade and adding gravel would cost between 
$2,000 and $3,000 (Table 13). A permit will be required from Clatsop County, and permits from 
DSL and the USACE may be required if more than 50 yds3 of sediment is altered during 
construction. The boat ramp and associated lot is a county park, owned and managed by Clatsop 
County. Either the County or Sunset Lake IAVMP Implementation Committee will need to apply 
for the grant. The county may require that it be the project proponent or it may just write a letter 
for landowners approving the project. Sunset Lake IAVMP Implementation Committee will need 
to work closely with the county on this project and contact them prior to beginning the 
application process. 
Improving the existing boat ramp will allow access for a large machine such as a 
harvester, watercraft for monitoring activities, and in the future, watercraft for herbicide 
applications. Improving the boat ramp, along with the reduction of cover by the aquatic weeds, 
may encourage more users. Landowners around the lake can petition the Oregon State Marine 
Board to limit the lake to non-motorized boating if that becomes an issue. 
ODFW has funds for sport fish restoration and enhancement, including boat ramp 
improvement, through their Restoration and Enhancement (R&E) Program, provided the 
improvement enhances fish habitat and fishing access. An application requesting funds for the 
project would need to be sent to the ODFW assistant district biologist for approval before funds 
could be awarded. The application deadline for consideration by the R&E Board in 2004 is July 
30th. The applications will be considered at the September 24th meeting and recommended 
projects will be presented to the Fish and Wildlife Commission on November 12th. If the project 
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is approved, the funds will be available at the end of November. Future application dates can be 
obtained by contacting the R&E Program Assistant (contact information in Appendix A-4). A 
copy of the current application for R&E Program funds is available in Appendix A-6. 
Harvesting would provide a short term, large scale management option that would create 
open areas of water for boating and fishing while a permit is being developed for a herbicide 
treatment. Harvesting between eight and 15 acres would open boat lanes and other areas for 
recreational activities. Harvesting should be done two to three times per year for adequate 
control: late spring/early summer, mid/late summer and mid/late fall, depending on how fast the 
fragrant waterlilies regrow (Table 11). Harvesting in late summer or early fall will limit the 
amount of vegetation that will settle on the lake bottom. It may also limit the amount of 
carbohydrates that the fragrant waterlilies store in their rhizomes, potentially limiting their 
growth the following year. 
An area of 8.5 acres is recommended for harvesting annually for the first two years. This 
area was selected based on aerial photographs of the locations of the fragrant waterlily weed 
beds in conjunction with the 2003 plant sampling results for Sunset Lake and to facilitate boat 
mobility while limiting cost (Figure 7). It is recommended to harvest this area for two years to 
examine the results of harvesting on the fragrant waterlilies along with the other plant species in 
the lake. As mentioned earlier, repeated harvesting of fragrant waterlily may lead to the death or 
the rhizome and eradication of the plants from the treatment areas. The mats of decomposing 
rhizomes and sediment will need to be removed. 
Residents may want to increase the area harvested in the future for greater control of 
fragrant waterlily. Any increase in harvesting area should be done systematically, while 
monitoring for changes in the algae and plant populations. Harvesting vegetation may cause a 
shift from a plant-dominated to an algae-dominated system. Such shifts in shallow lake “stable 
state” are well documented (Scheffer 1998). Algae blooms are already common in Sunset Lake, 
and plant harvesting may lead to an increase in bloom frequency and duration. Algae blooms 
degrade water quality and when toxic algae species are present they can result in closure of lakes 
due to human health concerns. The relationship between plants and algae is not well understood, 
and it is not known how much vegetation can be removed before algae increase in abundance. 
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An adaptive approach to harvesting is recommended. This approach requires monitoring of lake 
water quality to better define the algae/plant relationship. The area harvested should be decreased 
if monitoring reveals an increase in algae abundance in the lake. Harvesting 8.5 acres, coupled 
with the small scale and individual treatments around docks and along waterfront, is unlikely to 
result in stimulation of excessive algae growth in the lake. 
 
 
Figure 7. Recommended areas for harvest in Sunset Lake, equal to a total of 8.5 acres.
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Table 11. Implementation, potential funding and estimated costs for large scale weed control in Sunset Lake. 
Large scale Methods Implementation Potential Funding Estimated Cost Comments 
Boat Ramp     
Application Prep: $0 Cost for Sunset IAVMP Committee to fill out DSL Permit 
Sunset IAVMP Committee 
DSL (in consultation w/ ODFW & 
USFWS) 
Sunset IAVMP Committee 
Review: $50 – 600a Cost for County to review 
Application Prep: $0 Same application as DSL permit USACE Permit 
Sunset IAVMP Committee 
USACE (in consultation w/ ODFW 
& USFWS) 
Sunset IAVMP Committee 
Review: $0 – 100a Cost for County to review 
Application Prep: $0 Cost for Sunset IAVMP Committee to fill out Clatsop County Permit Sunset IAVMP Committee Clatsop Community Development  Sunset IAVMP Committee Review: up to $881a Cost for County to review 
Construction 
Sunset IAVMP Committee 
ODFW 
Private Contractor 
ODFW: Sportfish Restoration  & Enhancement 
Program Funds $2,000 - $3,000 
Based on quote from ODFW 
official (Michimoto, 2004) 
Harvesting     
Application Prep: $0 
Cost for Sunset IAVMP 
Committee to fill out 
application Clatsop County Permit 
Sunset IAVMP Committee 
Clatsop Community Development  Sunset IAVMP Committee 
Review: up to $881a Cost for County to review 
Harvesting Sunset IAVMP Committee Private Contractor 
Sunset IAVMP Committee 
Necanicum Watershed Council b 
Clatsop Soil & Water Conservation District 
$45,900 - $51,000 
Based on range of $1,800 to 
$2,000 per acre for 8.5 
acres, 3 times per season 
Disposal Sunset IAVMP Committee Private Contractor 
Sunset IAVMP Committee 
Necanicum Watershed Council b 
Clatsop Soil & Water Conservation District b 
$9,389 for dry 
material 
Disposal to local landfill at 
$70 per ton; average 
biomass of 5.26 dry 
tons/acre (Wetzel, 2001) of 
8.5 acres harvested, 3 times 
per season 
a Cost varies based on type of permit required  
b These organizations can assist with locating and obtaining grant funds for weed management 
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Implementation and Evaluation 
Implementation of this plan and the recommended weed control efforts will require 
management. The first step should be to create a committee to initiate the recommended 
management strategies. This committee should include residents from around the lake, as well as 
representatives from Surf Pines Estates, Sunset RV Park, Astoria Golf and Country Club, CLR, 
Necanicum Watershed Council and DEQ. This committee can assist in developing funding 
strategies and identifying additional funding sources such as grants or loans from public 
agencies. The implementation of the IAVMP for Sunset Lake should follow the timeline below 
as closely as possible (Table 12). Timing is important in the implementation of the plan. Rules 
and regulations require permits for many of the recommended treatment methods. The 
Implementation Committee and landowners will need to obtain these permits prior to the start of 
any control efforts. 
The first thing the Sunset IAVMP Implementation Committee should do is obtain a 
conditional use permit from Clatsop County for all the weed control efforts. Concurrently, The 
Sunset IAVMP Implementation Committee should contact ODFW to acquire an extension of the 
in-water work window. By applying for the permit and extension as soon as possible, individual 
landowners can begin weed control efforts such as hand removal, cutting, benthic barriers, small 
scale sediment removal and sediment agitation devices. The required permit and extension will 
be in place for the following year, allowing control efforts to begin earlier in 2005. These 
individual actions can control weeds around docks and in front of homes during the 2005 
growing season (Table 12). 
The Sunset IAVMP Implementation Committee should being the application process for 
funds from ODFW for the boat ramp improvement before end of the July 2004. The application 
is due to ODFW for review on July 30th and will be considered at the September 25th meeting of 
the Restoration and Enhancement Commission. If the project is approved at this level, it will be 
recommended to the ODFW Commission for consideration at the November 12th meeting. If the 
ODFW Commission approves the project, funds will be available at the end of November. Smith 
Lake Improvement should apply concurrently for a removal-fill permit from DSL and the 
USACE for boat ramp improvement project. Depending on approval for this permit, project may 
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begin as early as January 2005. Construction of the new, improved boat ramp will allow 
harvesting to begin control in the 2005 growing season (Table 13). If the Sunset IAVMP 
Implementation Committee intends to seek funds for harvesting, this should be conducted 
concurrent with the boat ramp improvement process. 
Once harvesting has begun, it will be important to monitor the water quality for any 
increases in algae growth. The Sunset IAVMP Implementation Committee should work with the 
Necanicum Watershed Council and DEQ to create a monitoring plan that will sample the water 
at least twice during the summer. This will reveal any short-term changes in water quality caused 
by management activities and over time will provide a long-term record of lake water quality. 
This information would allow managers to adapt their management strategy to minimize aquatic 
weed management impacts on lake water quality. Regular aquatic plant monitoring would also 
reveal any changes in the abundance and distribution of the fragrant waterlilies and the native 
plant community over time from management activities (Table 12). 
The education and rapid response plans outlined here should be fully developed and 
implemented in 2005, focusing on signage at the boat ramp and knowledge of lake users and 
landowners around the lake. Once large scale treatment has begun, it will be important to prevent 
the introduction of new invaders to the lake through prevention. 
Overall the plan should be flexible and adaptive to any changes in the lake and any other 
factors, such as changes in federal, state or local policies, laws, or permit requirements. At each 
step, the management plan and its effectiveness in achieving the management goals for the lake 
should be evaluated. The plan should be altered based on any discoveries of more appropriate 
methods or based on any changes in the plant population or in the lake or a shift in the lake to a 
turbid, algae dominated state.
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Table 12. Suggested approximate timeline for first two years of implementation of recommended weed control activities in Sunset Lake. 
 2004 2005 
Activity Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Create IAVMP Implementation Committee X                    
Clatsop County Permit for weed removal X                    
ODFW Extension on in-water work window X                    
Individual Actions                                     
Hand Removal  X X       X X X X X X X     
Cutting  X X       X X X X X X X     
Benthic Barriers                     
Placement  X         X          
Maintenance   X         X X X X      
Removal    X            X     
Placement  X         X X         
Operation & Maintenance  X          X X X X      
Removal   X             X     
Large Scale Treatment                                     
Boat Ramp Improvement                                     
Application due to ODFW X                    
Application considered by ODFW   X                   
Recommended Projects Considered     X                 
Funds available if approved      X               
DSL/Army Corps permit (if required)     X  X               
Construction      X X             
Harvesting             X  X  X    
Implement Annual Water Quality Monitoring             X    X    
Implement Plant Community Monitoring                                      
Prevention                                     
Create brochure and sign for boat ramp       X X            
Implement prevention monitoring plan            X    X     
Create Rapid Response Plan       X X X           
Implement Rapid Response Plan                   X                 
a contact DEQ regarding updated turbidity standards and any permit requirements prior to starting 
 
 
  88
Table 13. Estimated costs of implementing the recommended activities for managing aquatic weeds in Sunset Lake. Values represent an 
average of the costs listed above and include all costs for that method listed in the recommendation section above. 
Activity Implementing Entity 2004 2005 2006 2007 -  
Create IAVMP Implementation Committee Sunset Lake IAVMP Committee $0 $0 $0 $0 
Obtain Clatsop County Permit for all weed control methods Sunset Lake IAVMP Committee $881 $0 $881 $0 
Bottom barriers Individual Landowners $1,000 $150 $150 $150 
Hand removal techniques Individual Landowners $150 $50 $50 $50 
Cutting techniques Individual Landowners $1,750 $250 $250 $250 
Sediment agitation  devices Individual Landowners $2,150 $200 $200 $200 
Implement  education plan Sunset Lake IAVMP Committee $0 $2,500 $50 $50 
Implement new invasion monitoring plan Sunset Lake IAVMP Committee $0 $500 $3,500 $500 
Implement annual water quality monitoring plan Sunset Lake IAVMP Committee $0 $5,000 $5,000 $5,000 
Create and implement rapid response plan Sunset Lake IAVMP Committee $0 $22,500 $0 $0 
Application for boat ramp improvement Sunset Lake IAVMP Committee $0 $0 $0 $0 
DSL and Army Corps Permits for boat ramp Sunset Lake IAVMP Committee $0 $425 $0 $0 
Construction of improved boat ramp Sunset Lake IAVMP Committee $0 $2,500 $0 $0 
Large Scale Treatment: Harvesting  Sunset Lake IAVMP Committee $0 $60,000a $60,000 $60,000 
Total Cost   $5,931 $94,075 $70,081 $66,200 
a averaged value rounded to the nearest ten thousand 
  
Smith Lake Integrated Aquatic Vegetation Management Plan 
 
 
 
 
 
 
 
 
 
 
 
Erin Harwood and Mark Sytsma 
Center for Lakes and Reservoirs 
Portland State University 
 
 
 
July 2004 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Smith Lake Integrated Aquatic Vegetation Management 
Plan 
 
Introduction 
This integrated aquatic vegetation management plan (IAVMP) was developed as part of a 
larger study of four lakes in the Clatsop Plains area on the north coast of Oregon. Three of the 
lakes, Cullaby, Sunset and Smith, are listed on the Oregon Department of Environmental 
Quality’s (DEQ) 303-d list for impaired water quality, specifically for abundant growth of 
invasive, non-native, aquatic plants. The fourth lake, Coffenbury, was selected as a control lake 
for comparative purposes in the study since it is located within a state park and was presumed to 
be relatively undisturbed. The larger project also included characterization of water quality in the 
four lakes, a description of groundwater influence on nutrient concentrations in the lakes, and 
description of potential activities in the watershed that could contribute to eutrophication of the 
lakes. 
Like most coastal Oregon lakes, non-native aquatic plants, including noxious weeds, have 
invaded the lakes in the Clatsop Plains. The weeds degrade beneficial uses of the lakes and were 
a criterion for 303-d listing. Therefore, aquatic vegetation management plans were a critical 
element of the overall project. Smith Lake has three invasive, non-native, aquatic plants that 
limit aesthetics, boating and fishing. The management plan for the lake focuses on utilizing a 
combination of physical and mechanical control methods for managing the problem plants, 
together with monitoring and education to prevent the introduction of new invasive weeds. 
Plans were prepared for all four lakes following methods described in A Guide for 
Development of Integrated Aquatic Vegetation Management Plans in Oregon (Gibbons et al, 
1999). Results of groundwater and water quality sampling conducted as part of the larger project 
can be found in Clatsop Lakes Vegetation and Water Quality Management (Sytsma and Petersen. 
2004), which is available from DEQ or the Center for Lakes and Reservoirs at Portland State 
University (CLR). 
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Problem Statement 
The main part of the lake, north of Columbia Beach Lane, has abundant growth of 
fragrant waterlilies (Nymphaea odorata), which have been a significant problem for more than 
25 years. The fragrant waterlilies limit boating in the lake, by reducing mobility throughout the 
lake and surrounding personal docks, making it difficult for residents to get their boats on the 
water. Water-skiing and swimming are no longer possible due to the dense beds of fragrant 
waterlilies. The deep, soft mud along the shorelines is unappealing and can be dangerous to walk 
in. Anecdotal evidence from lakeside residents indicates that overall fishing success and the 
number of trophy size fish have decreased over the last 10 years. Residents have noticed that 
bluegill (Lepomis macrochirus), brown bullhead (Ictalurus nebulosis), and white and black 
crappie (Pomoxis annularis, Pomoxis nigromaculatus) have begun to decrease in numbers 
throughout the lake. 
As the lake has become shallower and the amount of open water has decreased, residents 
have noticed fewer beaver and otters. Osprey (Pandion haliaetus) that were frequently observed 
at the lake feeding on fish, are less frequent. Ducks and Canada geese (Branta canadensis) have 
also become less prevalent. 
Yellow flag iris (Iris pseudacorus) and purple loosestrife (Lythrum salicaria), are two 
invasive, emergent, aquatic plants present in the wetland between the main part of the lake and 
Columbia Beach Lane. These plants crowd out native vegetation, provide limited habitat to 
wildlife and convert open water to marsh by trapping sediment. 
In the small wetland south of the lake, to the south of Columbia Beach Lane, fishing and 
boating are not feasible, except during the wet season. During the wet season, access is limited 
by abundant growth of the native yellow pond lily (Nuphar polysepala). Residents reported that 
this area has filled in rapidly over the past 10 to 15 years. The shoreline consists of deep organic 
matter and residents observe few fish and wildlife species. 
Overall, residents feel that the filling in of Smith Lake decreases the aesthetic, 
recreational and ecological value of the lake. They are concerned that the loss of these values is 
negatively impacting the property values of their homes and their enjoyment of the lake. 
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Management Goals 
The overall management goal is to control the invasive weeds in Smith Lake in a manner 
that allows native plant and animal communities to thrive, maintains water quality and facilitates 
recreational enjoyment of the lake. 
There are several general strategies that are key to the success of this main goal: 
• Involve the community in each phase of the management process 
• Identify and understand the likely effects of management actions on the lake ecosystem 
prior to implementation 
• Select management methods that are environmentally sensitive and cost effective 
• Reduce overall costs by utilizing volunteer labor when possible and seek grant funds 
from various sources 
• Monitor the results of any management actions 
• Review the effectiveness of any management actions 
• Adjust the management strategy as necessary to achieve the overall goal and to reflect 
any knowledge gained from the results of past management activities 
 
There are also several specific goals for the lake: 
• Increase the recreational and aesthetic enjoyment of the lake by reducing the cover of 
fanwort, Brazilian elodea and fragrant waterlilies 
• Improve fish and wildlife habitat by decreasing the density and abundance of fanwort, 
Brazilian elodea and fragrant waterlilies 
• Increase and maintain watercraft mobility in the lake by reducing the cover of fanwort, 
Brazilian elodea and fragrant waterlilies 
• Increase and maintain watercraft mobility to near shore areas with homes by decreasing 
the density and abundance of fragrant waterlilies in those areas 
• Increase the water quality of the lake to facilitate beneficial use 
• Decrease the cover of fanwort and yellow pond lily on the south end 
• Increase access from shore to the lake from all areas by allowing individuals to dredge 
around their docks 
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Community Involvement 
Community Commitment 
Since 1994, Smith Lake residents have been organized as a corporation, called Smith 
Lake Improvement Incorporated. The group was organized by residents based on their concern 
for the lake, particularly with regard to nutrients, septic systems and invasive aquatic weeds. 
Since the inception of the corporation, residents have shown a continued commitment to 
improving the water quality of the lake. Board members conducted three mail questionnaires 
over the past 10 years to gather residents’ perceptions regarding sewer system installation, 
aquatic weeds in the lake and potential weed management strategies. 
Based on the ideas gathered from the questionnaires, Smith Lake Improvement Inc. 
developed draft management plans for aquatic vegetation in 1994 and 1999 (SLII, 1994; SLII, 
1999). These plans included a description of residents’ efforts to manage the aquatic plants, 
problem statement and management goals for the lake, watershed and waterbody description, 
beneficial uses of the lake, and a descriptive characterization of the aquatic plants. These plans 
were useful in the assembly of this IAVMP, along with the 2003 questionnaire compiled by the 
steering committee. 
After the development of the first management plan in1994, lake residents met to discuss 
a sewer system for the homes around the lake. The sewer system was deemed infeasible due to 
costs to connect to the City of Warrenton’s sewer system and because it would require the area to 
be incorporated into the Warrenton City limits. Currently, no sewer system exists and efforts to 
consider implementing one have been stalled by the limited capacity of the City of Warrenton 
sewer system. During this time, several residents participated in the Citizen Lake Watch 
Program. This program trains residents to take monthly water quality measurements of their lake. 
Development of the second plant management plan in 1999, led to another community 
wide meeting, where options for large scale weed control, costs and possible funding sources 
were discussed. Based on the information in A Guide for Development of Integrated Aquatic 
Vegetation Management Plans in Oregon (Gibbons et al, 1999), residents selected rotovation as 
the control method for fragrant waterlilies in Smith Lake. Discussions with CLR staff regarding 
concerns of a potential shift to turbid, algae dominated state led residents to postpone rotovation. 
Residents felt further information on the water chemistry of the lake, specifically nutrient 
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concentrations, and potential nutrient sources to the lake, was important prior to beginning any 
weed control.  
The Board and group members enlisted help from the Skipanon Watershed Council 
(SWC) to conducted water chemistry sampling and analysis including nutrients and bacteria, in 
1999. Results of this sampling were considered inconclusive. A high school graduate working 
with the SWC also conducted a study on the location and history of septic tanks in the watershed, 
however her report is no longer available. 
Residents have continued to work with the CLR, DEQ and SWC to investigate the weed 
problem in the lake. In 2001, the CLR collaborated with DEQ to obtain grant funding from the 
U.S. Environmental Protection Agency (EPA). This funding was used to write IAVMP’s and to 
study the water chemistry of Smith Lake and three other lakes in the Clatsop Plains. The project 
began in 2002 and residents have worked with CLR staff on this plan by providing information 
and attending community meetings. 
Residents attended two community wide meetings conducted by CLR and DEQ staff. 
The first meeting, on June 25, 2003, described the Clatsop Plains Lakes Project and encouraged 
the involvement of Smith Lake residents in the project. The second meeting, on January 24, 
2004, provided detailed information about water chemistry and plant sampling results from the 
CLR’s 2003 survey. Available management techniques were presented, along with a 
recommended treatment strategy. Copies of the Clatsop Plains study were provided to Smith 
Lake Improvement Inc., lake residents, and the Skipanon Watershed Council. 
Currently the residents have shown a dedication to maintaining the health of the 
watershed of Smith Lake by removing purple loosestrife from the lakeshore and participating in 
a yearly road cleanup. Weed management in the lake includes individual actions to remove 
purple loosestrife and cutting of aquatic weeds around docks and in front of homes. Residents 
plan further management of the aquatic weeds based on the recommendations in this plan. 
 
Steering Committee 
A steering committee was formed that represented the community involved with the lake. 
The steering committee assisted in the development of the problem statement and management 
goals for the lake and reviewed the management plan.  The steering committee included the 
following members: 
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• Karla Pearlstein: President, Smith Lake Improvement Inc. Board 
• Rowena Bates-Price: Secretary, Smith Lake Improvement Inc. Board 
• Don Price: Landowner 
• Tom Tagliavento: Landowner 
• Tom Schmidt: Landowner 
• Phil Ropkins: Landowner 
• Mark Sytsma: Director, CLR 
• Erin Harwood: Graduate Research Assistant, CLR 
• Eric Nigg: North Coast Basin TMDL Coordinator, DEQ 
 
The first steering committee meeting was held July 18, 2003. The steering committee 
assisted with the development of a problem statement and management goals for the lake, and 
CLR staff answered questions regarding the available plant management methods and water 
quality issues in the lake. A second meeting was held by the steering committee in October 2003, 
where they reviewed the draft problem statement and management goals and discussed possible 
options for controlling the aquatic plants in the lake. They examined the areas where plant 
management was most needed, and what level and types of controls were appropriate. The 
steering committee requested an additional meeting on November 21, 2003 to obtain additional 
information from the CLR on the methods of aquatic plant management options, including costs, 
permits, and regulations. 
 
Watershed and Waterbody Characterization 
Introduction 
Smith Lake is a small 51-acre lake located north of Seaside and southwest of Astoria 
(Figure 1). It is a shallow lake with a maximum depth of 3.2 meters, and extensive residential 
development along its shores. It is a long (1.06 miles), narrow, interdunal lake, similar in size 
and shape to Coffenbury Lake. It is connected to Cemetery Lake to the north via a culvert that 
passes beneath Delaura Beach Lane. There is a primitive boat ramp that allows access for small 
watercraft. The main users of the lake are lakeside residents, who utilize it primarily for 
aesthetics and wildlife viewing. Fishing and boating were once popular on the lake, but have 
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declined as the invasive plants have spread throughout the lake. It is unknown when invasive 
aquatic macrophytes were introduced into Smith Lake. McHugh (1972), however, noted some 
attempts at dredging in the late 1960’s and the presence of invasive aquatic macrophytes such as 
fragrant waterlilies in the dredged material. 
The wetland south of the lake is not actually a part of the lake, although it is 
hydrologically connected. Aerial photos provided by the U.S. Army Corps of Engineers from 
1944, 1948 and 1966 do not show this area of water. This wetland is also designated as a 
palustrine seasonally flooded wetland, and is not considered a part of the actual lake, (NWI, 
1993). It is within the Smith Lake watershed however, and will be considered along with the 
lake. Further detail can be found in the Smith Lake Watershed Characterization section of the 
Clatsop Lakes Vegetation and Water Quality Management (Sytsma and Petersen, 2004). 
 
Smith Lake Watershed 
The watershed surrounding Smith Lake is a residential area, with a few areas of mature, 
undisturbed forest. The Smith Lake vicinity has the highest population density of the lakes in the 
study, with a range of 258 to 323 people per square mile. All residences utilize septic tanks for 
waste disposal. The lake and the land surrounding it are underlain by highly porous sand, aiding 
in easy mixing between the septic tank effluent and the groundwater. The effluent is a potential 
nutrient source to the lake. Much of the watershed is developed and according to the Coastal 
Change Analysis Program (NOAA, 1993), 5.5 to 10 percent of the area 400 meters from the 
shoreline has been developed to some extent. Much of the lake is surrounded by wetland areas, 
most of which are seasonal palustrine scrub/shrub wetlands, but with a few forested emergent 
wetlands on the northwest shore of the lake. The watershed vegetation consists primarily of 
woodlands, defined as shrubs and small trees. There are also some areas of broadleaf and small, 
coniferous trees. 
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Figure 1. Study area including Smith Lake. 
 
Water Quality 
Water quality in Smith Lake was characterized at two sampling sites during seven 
sampling events in 2003. Data collected included temperature, oxygen, water clarity, ions, pH, 
conductivity, nutrients, and algae. There were no significant differences between water quality 
parameters at the two sampling sites. During the sampling period the lake was covered with 
dense beds of macrophytes (see below).  These beds, in conjunction with organic rich sediments, 
provide much of the driving force behind the water quality of Smith Lake and had four specific 
impacts on the water quality.  The macrophyte beds and organic sediments inhibited physical 
mixing of the water column, produced high levels of dissolved organic carbon that decreased 
light availability, created low oxygen and low pH conditions, and produced conditions in which 
nitrogen could be lost from the system and phosphorus could be internally loaded.  Based on this 
data, the lake can be classified as a warm, polymictic1, highly colored, softwater2 eutrophic3 lake. 
Detailed discussion of the water quality of Smith Lake can be found in the Watershed 
                                                 
1 Polymictic: frequent or continuous periods of mixing per year (Wetzel, 2001) 
2 Softwater: low dissolved inorganic carbon concentration and acid neutralizing capacity 
3 Eutrophic: high concentration of nutrients supporting high biological activity (Kalff, 2002) 
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Characterization chapter of the Clatsop Lakes Vegetation and Water Quality Management 
(Sytsma and Petersen, 2004). 
 
Fish and Wildlife 
Available information regarding the fish and wildlife species present comes primarily 
from residents around the lake. Residents at the lake have observed otters, beaver and nutria. 
Osprey, bald eagles, and many different types of ducks have also been seen (Tagliavento, 2003). 
The fish community in the lake includes warm-water fish such as largemouth bass, white and 
black crappie, bullhead, bluegill, yellow perch and warmouths (Tagliavento, 2003; ODFW, 
2003). In addition, rainbow trout are intermittently stocked in the lake (ODFW, 2003b) although 
fishing is limited due to the primitive boat ramp and excessive aquatic weed growth. 
 
Beneficial Use and Sensitive Areas 
Aesthetics is currently the primary beneficial use at Smith Lake for both residents and 
visitors. Houses are primarily located on the east and southwest shores of the lake. Other aspects 
of the aesthetic use of the lake are tied to wildlife viewing and enjoying the forested parts of the 
lake. Non-motorized boating and fishing also occur on the lake, although these uses have become 
limited due to the expansion of the fragrant waterlilies throughout the lake. There is one boat 
launch on the lake, located off Lake Drive in Smith Lake County Park. 
Aesthetic, recreational and wildlife uses also occur at several key areas along the 
lakeshore. A remnant of undisturbed shoreline exists along the northwest shore of the lake. A 
mature evergreen-forested wetland covers the area, which provides wildlife habitat (Figure 2). 
Wood ducks have been sighted nesting here and beavers have constructed dams along the shore 
(SLII, 1999). Smith-Cobway County Park, a three acre park created by Clatsop County, is at the 
southern end of this area. Both of these areas are key to the overall aesthetic value of Smith 
Lake. Smith Mission, which dates from around 1840, is located between the park and the 
undeveloped area, just east of Ridge Road. A granite monument at this site marks the home of 
the first resident of Smith Lake, Solomon Smith (SLII, 1999). Finally, another county park is 
located near the south end of the lake, off Lake Drive. This small park was formerly a residential 
lot, but now contains the only boat launch on the lake. 
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Figure 2. Beneficial uses for Smith Lake and surrounding watershed. 
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Aquatic Plant Characterization 
Methods 
The aquatic plant community in Smith Lake was surveyed on June 18 and August 18, 
2003, using an adaptive sampling protocol described in detail in Clatsop Lakes Vegetation and 
Water Quality Management (Sytsma and Petersen. 2004). For each sampling date, a unique set 
of 100 randomly selected GPS locations were surveyed. CLR staff used a small boat to access 
the lake and a plant rake tethered to a rope was used to obtain plant samples at each location. 
Plants in the samples were identified to species and estimates of abundance made for each 
species using a 1 to 5 scale according to the rake coverage methods described in Deppe and 
Lathrop (1992). The abundance value was assigned based on the extent of coverage on the rake 
head. A species that covered 1 to 20 percent of the rake head was assigned an abundance value 
of 1, a value of 2 for 21 to 40 percent, 3 for 41 to 60 percent; a 4 for 61 to 80 percent and a 5 for 
81 to 100 percent coverage. 
For those species that could not be identified in the field, specimens were collected and 
brought back to the lab for further examination. Voucher specimens of each species found were 
collected and deposited into the herbarium at PSU. Identification was based on keys from 
Washington Department of Ecology (WDOE) (2001), Cooke (2003), Hitchcock and Cronquist 
(1991), Crow and Hellquist (2000), and Guard and Steen (1996). 
As mentioned previously, the waterbody on the south side of Columbia Beach Lane is 
designated as a seasonal wetland (NWI, 1993) and therefore was not included in the sampling. 
However, due to its importance to residents, this area was surveyed for aquatic plants on August 
27, 2003. Low water levels prevented boat access so the area was survey from shore. Deep 
organic material along the shore made sampling difficult and dangerous, so that only 11 
randomly selected locations around the north end were surveyed. 
 
Results and Discussion 
Plant survey data were mapped using GIS software. Random site selection and adaptive 
sampling protocol allowed presence/absence data to be used to provide estimates of percent 
cover (Madsen, 1999), calculation of confidence limits on percent cover estimates and permitted 
statistical comparison of species cover within and among lakes. 
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Five non-native plant species were found in the lake, fragrant waterlily, Brazilian elodea, 
fanwort, parrotfeather, and water celery. Of these, fragrant waterlily was the most frequent and 
abundant, covering more than 75 percent of the surface of Smith Lake during the spring and 
summer months (Table 1 and Table 2). Two native species, coontail and common bladderwort, 
were also present at high percent cover. The remaining species found were native and present at 
low frequency and abundance (Table 1 and Table 2). 
On both sampling dates, fragrant waterlily was evenly distributed throughout the lake at 
high abundance, with the majority of the points having an abundance value of three or greater 
(Figure 3). Fragrant waterlily has a wide depth range and dominates the surface of the lake 
throughout the summer (Table 1 and Table 2). This is likely due to the availability of light in the 
lake. More than 90 percent of the lake is less than 2 meters deep and since is light available past 
a depth of 1.5 meters between March and May (Sytsma and Petersen, 2004), a large portion of 
the lake is suitable for colonization. 
Brazilian elodea, another invasive, non-native plant, covered about half the lakes surface 
during summer (Table 1 and Table 2). It was present throughout the lake and was not present 
above an abundance of three (Figure 4). The range of Brazilian elodea’s depth distribution 
increased between sampling events. In August it was present in both shallower and deeper depths 
than in June (Table 1 and Table 2). 
Fanwort was also present in Smith Lake and covered between 12 and 26 percent of the 
lake surface during the summer (Table 1 and Table 2). It also showed a seasonal change in 
distribution throughout the lake. In June, it was present mainly in the south end of the lake, while 
in August a patch was found near the northern end (Figure 5). 
Parrotfeather (Myriophyllum aquaticum) cover was between one and two percent and was 
present only at depths less than 1 meter (Table 1 and 2). Despite its low cover and abundance, it 
could in the future become a problem in the shallow, near shore areas. This species was present 
at only one other lake in the study, Cullaby Lake (Sytsma and Petersen, 2004). 
Water celery was found at only two sites in June (Table 1), but not in August. While 
water celery is a non-native plant, unlike some other non-native species such as fragrant 
waterlily, it does not create a mat at the water’s surface, that blocks available light and displaces 
native species. Its disappearance in the lake between June and August may have been due to 
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shading from fragrant waterlily. Water celery was present at two other lakes in the study, 
Coffenbury and Sunset Lakes (Sytsma and Petersen, 2004). 
Two native species were present at high frequency in the lake, coontail and common 
bladderwort. All other native plant species were present at less than or equal to seven percent 
cover and showed no significant change between sampling events (Tables 1 and 2). Coontail, a 
native species, was present at a high frequency, with 73 percent cover In June (Table 1) and no 
significant change in cover in August (Table 2). Coontail is a non-rooted plant that absorbs 
nutrients from the water column for growth. The high nutrient concentrations in Smith Lake and 
the shallow depth make light available over a large area of the lake, which may contribute to the 
significantly greater percent cover than in the other lakes in the study (Sytsma and Petersen, 
2004). Common bladderwort was the only other native plant present at greater than seven 
percent cover. Smith Lake had the greatest frequency of bladderwort of the lakes in the study, 
which may be due to nitrogen limitation (Sytsma and Petersen, 2004). Bladderwort has the 
ability to capture insects and digest them in the small bladders on its leaves as a source of 
nitrogen (Friday and Quarmby, 1994). 
Two emergent, invasive, aquatic plants were also observed at the lake, purple loosestrife 
and yellow flag iris. Clumps of purple loosestrife were present around the lakeshore. Yellow flag 
iris was most abundant at the south end of the lake, in the marsh area north of Columbia Beach 
Lane and was observed in flower as early as April 23, 2003. Both species displace native plants 
along the margins of lakes and provide minimal wildlife habitat (WDOE, 2003). These plants 
increase sedimentation around their roots, enabling them to colonize open water over time. 
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Table 1. Percent cover, 95 percent confidence limits (CL) and depth distribution of plant species in Smith 
Lake on June 18, 2003. 
Common Name 
Scientific Name Percent Cover Lower CL Upper CL 
Depth range 
(meters) 
Fragrant waterlilya Nymphaea odorata 76% 66% 84% 0.5 - 2.1 
Coontail Ceratophyllum demersum 73% 63% 81% 0.7 - 2.1 
Brazilian elodeaa Egeria densa 47% 37% 57% 0.8 - 1.7 
Common bladderwort Utricularia vulgaris 15% 9% 24% 0.7 - 1.8 
Fanworta Cabomba caroliniana 12% 6% 20% 0.7 - 1.7 
Yellow pond-lily Nuphar polysepala 5% 2% 11% 0.5 - 0.7 
Thin leaved pondweeds Potamogeton spp b 4% 1% 10% 0.8 - 1.8 
Stonewort Nitella spp. 3% 1% 9% 0.8 - 1.5 
Nuttall’s waterweed Elodea nuttallii 3% 1% 9% 0.8 - 1.1 
Water purslane Ludwigia palustris 2% 0% 7% 0.7 - 1.2 
Autumnal water starwort Callitriche hermaphridtica 2% 0% 7% 0.7 - 1.2 
Water celerya Vallisneria americana 2% 0% 7% 1.2 
Parrotfeathera Myriophyllum aquaticum 1% 0% 5% 0.9 
Water pennywort Hydrocotyle ranunculoides 1% 0% 5% 0.9 
a indicates a non-native species 
b mix of P. pusillus, Stuckenia filiformis and S. pectinata 
 
Table 2. Percent cover, 95 percent confidence limits (CL) and depth distribution of plant species in Smith 
Lake on August 18, 2003. 
Common Name Scientific Name Percent Cover Lower CL Upper CL Depth range (meters) 
Fragrant waterlilya Nymphaea odorata 78% 70% 86% 0.1 - 2.3 
Coontail Ceratophyllum demersum 68% 59% 77% 0.1 - 2.3 
Brazilian elodeaa Egeria densa 52% 42% 52% 0.1 - 2.3 
Fanworta Cabomba caroliniana 26% 17% 35% 0.1 - 1.8 
Common bladderwort Utricularia vulgaris 22% 14% 30% 0.7 - 1.8 
Stonewort  Nitella spp. 7% 2% 12% 0.1 - 1.1 
Nuttall’s waterweed Elodea nuttallii 6% 1% 11% 0.7 - 1.7 
Yellow pond-lily Nuphar polysepala 5% 1% 9% 0.6 - 1.2 
Autumnal water starwort Callitriche hermaphroditica 3% 0% 9% 0.7 - 0.8 
Parrotfeathera Myriophyllum aquaticum 2% 0% 7% 0.8 - 0.9 
Mudwort Elatine spp. 2% 0% 7% 0.7 - 1.6 
Water purslane Ludwigia palustris 1% 0% 5% 0.8 
Water pennywort Hydrocotyle ranunculoides 1% 0% 5% 0.8 
Rush Juncus spp. 1% 0% 5% 0.7 
Dotted smartweed Polygonum punctatum 1% 0% 5% 0.8 
Common mares tail Hippurus vulgaris b n/a n/a n/a n/a 
a indicates a non-native species  
b This species was sighted by was not present at any of the sampling locations 
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Figure 3. Fragrant waterlily (Nymphaea odorata) distribution and abundance in Smith Lake in 2003.  The X’s 
represent sampling sites where the plant was absent. Points represent sites where the species was found, and 
point size corresponds to the abundance value of the species at that site. 
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Figure 4. Brazilian elodea (Egeria densa) distribution and abundance in Smith Lake in 2003.  The X’s 
represent sampling sites where the plant was absent. Points represent sites where the species was found, and 
point size corresponds to the abundance value of the species at that site. 
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Figure 5. Fanwort (Cabomba caroliniana) distribution and abundance in Smith Lake in 2003.  The X’s 
represent sampling sites where the plant was absent. Points represent sites where the species was found, and 
point size corresponds to the abundance value of the species at that site. 
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As described previously the wetland area south of the lake was sampled on August 27, 
2003. The adaptive sampling scheme used for the lake could not be utilized; therefore percent 
cover and associated confidence limits could not be calculated. Only one submersed non-native 
species fanwort was found at seven out of the eleven sites sampled. It was also the species found 
at the highest abundance, with two sites having abundance values of 4 (Table 3). The most 
frequently found species was water pennywort (Hydrocotyle ranunculoides), located at 10 out of 
the 11 sites sampled. The following species were also frequent, present at seven or more sites: 
Rush (Juncus spp), Nuttall’s waterweed (Elodea nuttallii), Common bladderwort (Utricularia 
vulgaris), Yellow pond lily (Nuphar polysepala), Water purslane (Ludwigia palustris). Most of 
these species were present at low abundance values of 2 or less (Table 3). Yellow flag iris was 
found in this area, however no purple loosestrife was present. 
 
Table 3. Species counts for eleven sites sampled on the south side of Columbia Beach Lane.  Species were 
given an abundance value at each site, minimum and maximum abundance estimates reported. 
Common Name Species # Sites out of 11 total Abundance
Water pennywort Hydrocotyle ranunculoides 10 1, 3 
Rush Juncus spp 8 1 to 3 
Nuttall’s waterweed Elodea nuttallii 8 1 
Water purslane Ludwigia palustris 8 1 to 2 
Common bladderwort Utricularia vulgaris 7 1 
Yellow pond-lily Nuphar polysepala 7 1 to 2 
Fanwort Cabomba caroliniana 7 1, 4 
Thin leaved pondweeds Potamogeton spp. b 6 1 
Autumnal water starwort Callitriche hermaphroditica 5 1 
Narrow leaf bur-reed Sparganium angustifolium 5 1, 3 
Coontail Ceratophyllum demersum 4 1 
Reed canarygrassc Phalaris arundinacea 4 1 
Water smartweed Polygonum amphibium 3 1 
Lesser duckweed Lemna minor 2 1 
Stonewort Nitella spp. 1 2 
Water parsley Oenanthe sarmentosa 1 1 
Yellow flag irisa Iris pseudacorus 1 1 
a indicates a non-native species 
b mix of P. pusillus, Stuckenia filiformis and S. pectinata 
c generally considered invasive, although new evidence suggests there may be a native species 
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The plant species in Smith Lake showed definite seasonality. Two species were found in 
June but not found in August: the thin-leaved pondweeds (Potamogeton spp.) and water celery 
(Vallisneria americana). Four species found in August but not in June: mudwort, rush, dotted 
smartweed and common mares tail. However, the total number of species (15) found in the lake 
during sampling did not change between June and August. Species richness throughout the lake 
differed between sampling dates, with August having greater species richness overall (Figure 6). 
Seasonality in aquatic plant populations should be considered when aquatic plant surveys are 
conducted in these lakes. Accurate characterization of the aquatic plant community requires early 
and late season sampling to capture the changes in plant populations within and between lakes. 
The maximum number of species found at any one site in the lake in June was 7, while in 
August it was 6. In addition, there was little change in the number of sites without plants. Out of 
the 100 sites sampled on each date, only two percent in June and four percent in August had no 
plants (Figure 6). 
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Figure 6. Species richness as measured by number of species at each location for 2003. The X’s represent 
sampling sites where plants were absent. 
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Plant species location data were combined with 2003 bathymetric data collected by CLR 
staff (Sytsma and Petersen, 2004) to obtain depth ranges for each species. Depth ranges for each 
species were estimated based on a 3 meter circle surrounding each sampling site to account for 
any imprecision in sampling. The minimum, maximum and mean depth of that area were 
calculated and the minimum mean depth and maximum mean depth where a species was found 
at the sites sampled provided the depth range. 
The maximum depth of plant colonization in Smith Lake was 2.2 meters and 2.3 meters 
in June and August respectively (Figure 7). The deepest part of the lake is 3.3 meters, at a spot 
that was dredged in the 1960’s (Sytsma and Petersen, 2004). More than 90 percent of Smith Lake 
is 2 meters or less in depth, and plants colonize nearly all of that area (Figure 7). The greatest 
number of species was found at a depth of 0.1 meters during August. Mean species richness was 
similar over the depth gradient of 0.5 meters and 2.2 meters for both June and August. 
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Figure 7. Smith Lake mean species richness over mean depth gradient in meters sampled in 2003. Mean 
species richness was calculate by averaging the species richness for all of the sites at that depth. Mean depth 
was calculated as the mean of a 3m circle around each site, as described above. *: No randomly selected sites 
were located within this depth range. 
 
Fact sheets describing some of the plants found in the lake can be found in Appendix A-
1. A species list of plants sampled and their GPS locations is included in Appendix A-2. 
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Considerations in Managing Aquatic Plants 
Aquatic plants play an important role in the physical, chemical and biological functions 
of shallow lakes. Physical functions, such as wind driven mixing of the water column can be 
altered by the structure of aquatic plant beds. Wind driven mixing can resuspend sediments. 
Thick weed beds can severely limit wind driven mixing of the water column leading to an 
increased rate of sedimentation. Dissolved oxygen concentration can be altered as plants produce 
oxygen during photosynthesis and use it during nighttime respiration. Aquatic plants also 
provide food for invertebrates and birds and refuge for smaller animals from predation. Lakes 
with aquatic vegetation usually have a more diverse biotic community than lakes without 
vegetation (Scheffer, 1998). This may not be true in lakes where invasive aquatic plants 
dominate. Invasive aquatic plants crowd out native vegetation, creating monoculture stands and 
reducing biotic diversity. 
The introduction of non-native, invasive, aquatic plants can have significant negative 
effects on a lake ecosystem. Invasive, aquatic vegetation often creates monoculture stands with 
dense surface canopies (AERF, 2003). These thick canopies make foraging difficult because they 
present a visual barrier to fish predators. This favors smaller sized fish that can hide in the 
weeds, and may lead to a decline in large predatory fish such as largemouth bass. The thick beds 
of invasive plant species can also affect the physical and chemical conditions of a lake. 
Decreased water mixing can lead to increased surface water temperature. Warmer water contains 
lower concentrations of dissolved oxygen (Frodge et al, 1990). Although photosynthesis results 
in the production of dissolved oxygen, nighttime respiration by plants consumes dissolved 
oxygen and may lead to oxygen depletion beneath the canopy and kill fish (Frodge et al, 1995). 
Some plants are more efficient than native plants at extracting the inorganic carbon required for 
photosynthesis. As carbon dioxide and bicarbonate are removed from the water via plant uptake, 
the dominant carbon species becomes carbonate. The increasing concentration of carbonate, a 
base, results in an elevation of pH. 
Both introduced and native aquatic plants can become abundant and problematic, 
significantly altering the lake ecosystem and limiting human beneficial uses of the lake. 
However, the management and control of the plants requires careful consideration of the 
potential impacts on fish, wildlife and the plant community. As described above, aquatic plants 
play an important role in the lake by limiting turbidity through decreased sediment resuspension 
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(James and Barko, 1990). Clear water conditions with low turbidity favor plant growth, through 
a maximization of light availability. Shallow lakes, like Smith, can exist in two alternative stable 
states: a relatively clear water, plant dominated state or an algae dominated, turbid state 
(Scheffer, 1993; Scheffer 1998; Scheffer and Jeppesen, 1998). Removal of a large amount of 
vegetation can lead to increased algae abundance, increased frequency of algae blooms and 
decreased water quality. Algae populations can become abundant enough that turbidity increases 
and limits plant growth. 
Nutrients can come from two sources: allochthonous sources from the watershed or 
autochthonous sources from within the lake. Allochthonous nutrients can include phosphorus and 
nitrogen from groundwater or surface water. These sources of water to the lake may be high in 
nutrients such as phosphorus and nitrogen from septic tanks, logging, agriculture or residential 
runoff. Nutrients stored within the sediments can be released when lake sediments are exposed 
causing an increase of internal or autochthonous nutrients in the lake. Perturbation of the 
sediments is particularly an issue in shallow coastal lakes like Smith Lake, where winds are 
frequent and sediments are close to the waters surface. This internal nutrient loading, when 
combined with the allochthonous nutrient sources, can cause a change in lake water quality, 
exceeding the critical turbidity for plant growth and causing a shift in alternative stable state 
which cannot be naturally restored to allow for macrophyte growth (Scheffer, 1998). 
Managing the invasive aquatic plants in Smith Lake will require careful consideration of 
these alternative stable states. The goal of aquatic plant management should not be to remove all 
of the vegetation. Instead management should seek to control the invasive problem species while 
enhancing and maintaining the native plant community and limiting the impacts to water quality 
and fish and wildlife. 
 
 
 
 
 
 
 
Smith Lake Integrated Aquatic Vegetation Management Plan 
25  
Description of Aquatic Weed Control Methods 
There are many different mechanical, physical, biological, and chemical methods 
available for managing emergent, floating and submersed aquatic plants. An integrated approach 
to aquatic plant management requires considers the abundance and distribution of the plants 
present, management goals, site specific characteristics, legal and economic constraints, and 
possible impacts of management activities when evaluating the potential methods for aquatic 
weed control. Permits are required for implementation of many aquatic plant management 
techniques and may constrain application of these methods - particularly dredging and 
herbicides. Consultation between the permitting agencies and other agencies may also be 
required due to the presence of threatened or endangered species in or around the lake. A 
description of the various mechanical, physical, biological, and chemical control alternatives for 
aquatic weeds, the advantages and disadvantages of each method and a detailed description of 
the required permits, associated consultations and involved agencies is provided. Vendor and 
contractor information for the various weed control methods is available in Appendix A-3. 
 
Mechanical Control Methods 
Mechanical control methods utilize equipment to directly act on the plants and control 
them. Mechanical techniques have been utilized for many years to control nuisance aquatic 
vegetation. These methods include hand removal, harvesting, cutting, rotovation, and diver-
operated suction harvesting. 
 
Hand Removal 
Summary 
Hand removal is the most common method of weed removal. It involves using cutters, 
rakes, or bare hands to remove plants. It must be done regularly beginning in early spring when 
growth is first noticed. This labor-intensive technique works best on small infestations or for 
small areas such as around docks. Hand removal creates fragments, which should be removed 
from the water and disposed of away from the shoreline to prevent recolonization and to 
maintain aesthetics. Fragments can be removed with nets or with hand picking (WDOE, 2003). 
These methods can be advantageous for landowners to use in small areas around their homes to 
control aquatic weeds. They can also be used in areas where other management methods are not 
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effective, such as areas where large mechanical harvesters cannot go or after a herbicide 
treatment. Hand pulling, raking and cutting are all methods that can be utilized to remove aquatic 
weeds. 
 
Hand Pulling 
Hand pulling involves using bare hands to remove the entire plant.  A spade, trowel or 
long knife can be used to aid in uprooting the plant.  Hand pulling is species specific and allows 
the removal of unwanted species while leaving native species. It works best in soft sediments, so 
that the entire plant can be easily removed. Divers can hand pull unwanted plants in deeper water 
(WDOE, 2003). Pulling can create turbidity, which makes it difficult to see the remaining plants. 
 
Hand Raking 
Raking involves tearing the plants from the sediment with a rake. It is not a species 
specific method, unless the weed bed is a mono-specific stand (AERF, 2003) and it does not 
always remove plant roots. A regular garden or thatch rake, which can be purchased at any local 
hardware store, works well. A rope can also be attached to the cut off handle, allowing removal 
over a greater area and in deeper water. Raking can stir up sediments and create some turbidity. 
 
Hand Cutting 
With hand cutting, the plant shoots are cut below the water's surface, however none of the 
roots are removed. A non-mechanical cutter is available from several sources. Two single-sided 
blades form a “V” and are connected to a handle with a rope. The cutter can be thrown from the 
shore, dock, or other floating structure. As the cutter is pulled through the water, it cuts a 48-inch 
wide swath (WDOE, 2003). This method is not species specific. Some residents have found that 
regular cutting of emerging leaves of waterlilies over two to three season led to the elimination 
of these plants from their waterfront lots (WDOE, 2003), however, this has not been documented 
in aquatic plant management literature. 
 
Advantages 
• Easy and convenient for small areas, such as in front of houses, around docks and 
swimming areas 
• Equipment is generally inexpensive 
• Hand pulling is species specific, can remove only unwanted species 
• Hand pulling removes roots, reducing recolonization 
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• Regular hand cutting over several seasons may lead to elimination of the plant from the 
area 
 
Disadvantages 
• Needs to be repeated regularly 
• Creates fragments, which need to be collected 
• Too labor intensive for large areas 
• Pulling and raking can create turbidity, making it more difficult to see remaining plants 
• Cutting tools can be extremely sharp and dangerous if not handled properly 
• May be unsafe in areas of steep slopes, deep holes, and other areas 
• Not suitable for water deeper than four to six feet 
• Cutting and raking do not remove roots, allowing recolonization 
• Removing plants may result in greater shoreline erosion, as there are no plants or roots to 
stabilize sediment and dampen wave action 
• Hand pulling and raking are difficult with plants having tough stems, large rhizomes, or 
extensive root systems, such as fragrant waterlilies or watershield 
 
Costs 
Hand pulling: A homemade rake with rope can cost as little as $50 (using a thatching 
rake), while commercial rakes made specifically for use with aquatic weeds can run from $85 to 
$170. Manual cutters range from $120 to $180. 
 
Other Considerations 
Residents should be careful when removing aquatic weeds by any of these methods, and 
watch out for steep slopes, underwater obstructions, and other potentially dangerous structures. 
Near shore areas with deep organic material could make these methods difficult on foot. 
 
Harvesting 
Summary 
Harvesting uses large machines to cut and collect aquatic plants. Depending on the 
machine, harvesters can cut five to ten feet below the waters surface, and six to twenty feet wide. 
The cut plants are removed from the water by a conveyor system and stored on the harvester or a 
barge following the harvester, until they can be disposed of on shore (WDOE, 2003). Suitable 
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offloading and disposal sites are required. Harvesting creates fragments and any fragments that 
escape collection can lead to expansion of the weed within the waterbody. 
Harvesting can target specific areas in a lake, creating boat channels for example, while 
leaving other areas untreated. In removing the plants from the water column, the nutrients stored 
within the plants are also removed. Since harvesting only removes the upper portion of the plant, 
some plant material remains for fish and other organisms (AERF, 2003). The large size of the 
harvester does limit access to shallow areas or around structures such as docks. Bottom 
obstructions such as logs or stumps may make harvesting difficult. Shallow lakes, three to five 
feet, with loose organic sediment are not suitable for harvesting. 
Plant material is generally more than 90 percent water (Madsen, 2000) and can be 
disposed of in landfills or used as mulch or compost after it has dried (WDOE, 2003). Disposal 
costs can be significantly reduced if plant material is allowed to dry prior to disposal. 
Most harvesters can cut and collect several acres per day, depending on plant type, plant 
density and the storage capacity of the equipment. Speeds typically range from 0.5 to 1.5 acres 
per hour (WDOE, 2003). Harvesting needs to be done several times during the growing season. 
Harvesting in the fall can reduce the amount of plant material that will settle on the lake bottom, 
thus reducing the amount of organic material that builds up (WDOE, 2003). ). Long term 
efficacy of harvesting is unknown. Studies in the Midwest have shown that cutting at least three 
times a year may reduce growth the following year (Madsen et al, 1988; Nichols and Cottam, 
1972). While another study found no reduction in plant growth the following year after 
harvesting three times the previous year in the Pacific Northwest (Perkins and Sytsma, 1987). 
Harvesters collect small fish, invertebrates, amphibians and even turtles, along with the 
plants (WDOE, 2003). The operators of some harvesting machines will watch for fish, turtles, 
amphibians and other organisms that are collected with the plants, and return them to the water 
(WDOE, 2003). Adult game fish, such as large mouth bass and bluegill, have been removed 
during harvesting operations. However impacts on the fish population have usually been small 
(Engel, 1990). In Saratoga Lake, New York, the harvesting operation removed approximately 2-
8 percent of the total standing crop of juvenile fish. 
 
Advantages 
• Immediately opens areas for boating and fishing 
• Removes plants and stored nutrients from water column 
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• Can target specific areas for treatment 
• Removes only upper portion of plant leaving some vegetation for fish habitat 
• May reduce growth the following year 
• Harvesting in fall can decrease amount of plant material that will settle on lake bottom 
 
Disadvantages 
• Creates plant fragments and if not all are collected plants could spread to new areas in the 
lake 
• Not species specific 
• Fish, invertebrates, and other organisms may also be collected 
• Short term control; plant regrowth requires regular cutting 
• Disposal costs can be significant for wet material 
• Requires suitable off-loading and disposal sites  
• May not be feasible in shallow areas or around docks 
• Not suitable for lakes with bottom obstructions (logs, stumps etc) or very shallow lakes 
(3-5 feet) with loose organic sediment 
 
Costs 
Cost estimates for harvesting in individual lakes are determined on a case by case basis 
based on a site visit by the contractor. Costs depend on frequency and location of unloading sites, 
as well as the type and size of the boat ramp and other access issues. Generally, harvesting costs 
range from $1,800 to $2,000 per acre. The City of Tigard has regularly contracted for mechanical 
harvesting to keep Summerlake clear of aquatic macrophytes. The cost for harvesting in June 
2002 was $7,500 for approximately 4 acres and yielded approximately 60 yds3 of biomass. 
Harvested biomass was disposed of through a yard debris recycler at additional cost to the city 
(Martin, 2003). 
 
Cutting 
Summary 
Cutting uses a machine to cut aquatic plants below the water’s surface, however the plant 
fragments are not collected as they are in harvesting. The fragments that are generated by cutting 
should be removed from the water column for aesthetic and ecological reasons. The 
decomposing fragments will create unpleasant odors. Decomposition of plants requires oxygen; 
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therefore the decomposing fragments may lead to a decrease of dissolved oxygen within the area. 
The fragments may also contribute to the spread of invasive plants that only represent a small 
part of the plant community. 
There are several different types of cutters available; these include portable units and 
boat-mounted units appropriate for small scale control and specialized barge-like machines, 
which are appropriate for large scale control. 
Portable units cut a four-foot wide path underwater. One unit that is commercially 
available rides on two skis that slide along the lake bottom while the blades cut the plants. The 
unit comes with a rechargeable battery and is best utilized in shallow water with few bottom 
obstructions. Boat-mounted units can be attached on either small or large boat. It can cut a four-
foot wide swath to a depth of three feet (up to seven feet wide with extenders). Up to one acre of 
plants per hour can be cleared, depending on the machine and the type and density of plants 
(DOE, 2003).  Some manufacturers recommend a more powerful unit for cutting robust plants 
such as fragrant waterlilies, bulrush, or cattails. Specialized barge units are barge or small 
pontoon type boats with cutting blades installed. Some can cut in water as shallow as 10 inches 
and as deep as five feet with a width of 10 feet. Depending on the plant species and density, 
these units have been observed to cut about 12 acres per day (DOE, 2003). 
 
Advantages 
• Creates open areas of water 
• Can work in shallow areas, around docks or other structures which large harvesters may 
not be able to access 
• Prices lower than some other machines, such as harvesting machines 
• Habitat for fish and other organisms retained if plants are not cut too short (AERF, 2003) 
• Faster than harvesting or rotovation 
 
Disadvantages 
• Plants regrow, so that cutting must be done regularly 
• Not species specific 
• Some species are difficult to cut such as cattails, yellow iris, or fragrant waterlilies 
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• Creates fragments, which may drift on shore and decompose, creating unsightly and 
smell piles in near shore areas 
 
Costs 
A portable battery powered cutter including two batteries and a charger costs around 
$2,000. Boat mounted units are between $1,500 and $1,800, with extenders costing between 
$160 and $190. Specialized barge cutters cost approximately $10,000. 
 
Other Considerations 
Lake associations or groups of landowners may want to invest in a cutter and share 
responsibilities and costs to make plant management more economical. Plant fragments can be 
easily removed with a rake or a net and disposed of upland. 
 
Rotovation 
Summary 
A rotovator uses blades, like a rototiller, to till seven to nine inches into the sediment to 
dislodge and remove plants and roots. The plant fragments that are created in this process can be 
removed from the water by using a rake attachment or by manual collection. Successive 
treatments may lead to decreased density of the unwanted plant (WDOE, 2003; Gibbons and 
Gibbons, 1988). This method is not species specific. Because it disturbs the sediment, it creates 
turbidity and may negatively impact benthic organisms and spawning areas. 
Rotovation is used mainly in the winter and spring to control Eurasian watermilfoil 
(Myriophyllum spicatum). It has also been successfully used to remove the rhizomes of fragrant 
waterlilies in Washington (WDOE, 2003), although there is no information regarding the 
duration of control. The use of rotovators on small test plots of Eurasian watermilfoil in the Pend 
Oreille River appeared to stimulate the growth of native aquatic plants (Gibbons and Gibbons, 
1988). 
Rotovation works best if plants have not reached their mature length; longer stems wrap 
around the spinning blades and may damage the equipment (AERF, 2003). Hence, plants may 
have to be cut prior to rotovation. In addition, obstacles on the bottom such as logs and large 
rocks need to be moved prior to rotovation. Underwater utilities, such as gas, water, sewer, 
telephone or water intake pipes, will have to be located before rotovation begins. 
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Control often lasts more than one season. In the Pend Oreille River in Washington for 
example, Eurasian watermilfoil growth was effectively controlled for two years (Gibbons and 
Gibbons, 1988). Mobilization costs are a significant portion of the total cost; therefore the 
greatest cost-benefit can be achieved from treating a larger area. 
 
Advantages 
• Control can last more than one growing season 
• Removes roots and other structures in the sediment 
• Plant density generally decreases with subsequent treatments  
• Can encourage growth of native plants 
 
Disadvantages 
• Disturbs the sediment, creates turbidity 
• Not species selective 
• Can lead to release of nutrients or other substances from the sediment 
• Adverse impact on benthic organisms 
• May impact fish spawning areas 
• Can be difficult to maneuver around docks and other structures, depending on machine 
size and type 
• Creates fragments 
• Removal of obstructions prior to start up is labor intensive 
 
Costs 
Holdren et al (2001) give ranges from $2,000 per acre for softer, submersed vegetation to 
as much as $10,000 per acre for tougher, emergent plants and root masses. A local company 
requires a site visit prior to rotovation and costs are site specific. 
 
Diver-operated Suction Harvesting 
Summary 
Diver-operated suction harvesting uses a small dredge to selectively remove plants and 
their roots. A good operator can remove only the target plants, while leaving native species 
untouched. It is often referred to as diver dredging, however, harvesting is a more appropriate 
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name because sediments are not removed from the system. Sediments may be resuspended 
during the operation, but the use of a sediment curtain can mitigate these effects (Madsen, 2000). 
Experienced divers can remove selected target plants with little disturbance of the sediment. 
Diver operated suction harvesting technique is most effective in softer sediments that 
allow easy removal of the entire plant, although turbidity is increased with softer sediments. It is 
generally less effective on plant species producing seeds, turions or tubers which will remain in 
the sediment to sprout the next growing season (WDOE, 2003). It is not effective for plants with 
extensive roots and massive rhizomes such as fragrant waterlilies Divers may create fragments as 
they move through established plant stands. These fragments can contribute to new infestations, 
however personnel on the surface can capture these fragments. 
This technique is very slow, about 100 m2 per diver per day (Eichler et al, 1993) and 
works best when weeds are in the early stage of infestation (AERF, 2003). It is not generally 
practical or economically feasible on a whole-lake scale. It is not appropriate for large scale, 
high-density infestations. Diver operated suction harvesting is better utilized for small scale 
infestations. It also works well in conjunction with other methods, such as after an herbicide 
treatment. In cases where the infestation has expanded to large portions of the littoral zone, other 
combinations of mechanical, chemical and biological strategies may be more cost effective 
(AEFR, 2003). Overall, diver-operated suction harvesting is efficient and regrowth is limited in 
small pioneering colonies or scattered clumps that are too large for hand removal (Madsen, 
2000). 
This method has been successfully used in other Oregon lakes, including Oswego Lake, 
where it is utilized to control small infestations of Brazilian elodea every year (Rosenkrantz, 
2004). Diver-operated suction harvesting was not successful in Lake Lytle, where it was used to 
remove Eurasian water milfoil. The area of infestation was too extensive to allow adequate 
control with this method (Shrestha and Sytsma, 2001). 
 
Advantages 
• Can be very selective 
• Can remove plants around docks and in other difficult to reach areas 
• Can be used in situations where other methods, such as herbicides, are not an option 
• Regrowth is limited 
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Disadvantages 
• Can stir up sediments and increase turbidity 
• Method is very slow 
• Difficult in hard sediments; roots or other structures may be left behind 
• Creates fragments 
 
 
Costs 
Costs depend on the size and depth of the target area and the density of the target plant 
species. Divers experienced in aquatic plant removal in the region charge a minimum of one to 
two dollars per square foot (Freedland, 2003) or $1800 per day (Aquatechnex, 2003), not 
including the cost of disposal. A preliminary dive would have to be done in order to obtain an 
accurate estimate of the time and costs involved. Depending on the density and types of plants 
and the sediment type, visibility etc. 
 
Physical Control Methods 
Although physical control methods may utilize large mechanical equipment, these 
methods differ from mechanical control methods in that the environment of the plant is directly 
manipulated. Physical control methods include benthic barriers, sediment agitation, water level 
drawdown and dredging. 
 
Benthic Barriers 
Summary 
Benthic barriers are a layer of material installed directly on the lake sediments. Regrowth 
of rooted aquatic plants is prevented by light limitation. Common materials include burlap, 
plastics, and woven synthetics such as geotextile fabric. An ideal benthic screen should be 
durable, heavier than water, reduce or block light, allow easy installation and maintenance, 
prevent plants from growing into and under the material, and readily allow gases produced by the 
rotting weeds to escape without ballooning the material upwards. Even the most porous 
materials, such as window screen, may billow due to gas buildup, as they become clogged by 
sediment. 
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It is very important to securely anchor the barrier to the bottom, as it can create a 
navigation hazard and danger to swimmers if unsecured. Natural materials such as rocks or 
sandbags are preferred as anchors (WDOE, 2003). Sediments should not be used, as new plants 
will establish on top of the added layer (Engel and Nichols, 1984). Sheet color is relatively 
unimportant; clear plastic can be effective, however, opaque materials that allow some 
movement of gases and water work best (Carter et al, 1994). 
Plants typically die underneath the barriers after one to two months (Engel, 1984). After 
the barriers are removed, plants from the seed bank will recolonize the areas within one to two 
months (Eichler et al, 1995; Engel, 1984). Barriers may be left in place for longer periods of 
time, however regular maintenance is needed to remove accumulated sediment, which will allow 
plants to colonize on top of the barrier (Madsen, 2000). 
The duration of weed control depends on the rate that weeds grow through or on top of 
the barrier, the rate that sediment accumulates on top of the barrier, and the durability of the 
material. Burlap may rot within two years. Plants can grow through window screening material 
and on top of the geotextile fabric. Regular maintenance, such as checking for gas bubbles and 
removing accumulated sediment, can extend the life of the barrier (WDOE, 2003). 
Installation is easier in the winter or early spring when there are few plants in the water 
column. In the summer, removing the weeds prior to installation is best. The less plant material 
that is present under the barrier, the less gas that will be produced (WDOE, 2003). Building the 
frame out of plastic pipe filled with sand may facilitate easier placement and limit the amount of 
anchor material required. 
Benthic barriers are effective and fairly cost effective for small areas (less than 1000 ft2), 
however, they are not suitable and too expensive for use over larger areas. They are best suited to 
small, high-intensity use areas such as docks, boat launches and swimming areas (Madsen, 
2000). 
Benthic barriers impact bottom dwelling organisms as they cover sediments that provide 
habitat. Barriers covering spawning beds should be moved in the early spring and not replaced 
until spawning activity is over, usually sometime during the early summer (WDOE, 2003). 
Instructions for the installation of bottom barriers can be found at Washington Department of 
Ecology’s website at http://www.ecy.wa.gov/programs/wq/ plants/management/aqua021.html. 
 
Smith Lake Integrated Aquatic Vegetation Management Plan 
36  
Advantages 
• Creates immediate areas of open water 
• Easily installed around docks and in swimming areas 
• Can control up to 100 percent of plant growth if properly installed and maintained 
• Materials are readily available and can be installed by homeowners or divers 
 
Disadvantages 
• Impact benthic habitat by covering sediment and decreasing plant cover 
• Suitable only for local control because of costs and impacts 
• Need to be regularly inspected and maintained 
• Harvesters, fishing gear, anchors, and propeller backwash may damage barriers 
• Can impede boats and injure people if not properly secured 
• May be difficult to anchor into soft sediments 
• Interfere with bottom-dwelling organisms and fish spawning 
• Plants may colonize the top of the barrier 
• Gases form underneath the barrier, causing it to float up 
Costs 
Barrier materials vary in cost depending on type. Two Portland, Oregon companies sell 
geotextile type fabrics and prices for these fabrics vary from $.45 to $1.50 per square foot. 
Depending on frame material type (PVC pipe versus wood), fabric choice and desired barrier 
size, barriers range in cost from $1.50 per square foot to $2.50 per square foot, not including 
construction or installation. 
 
Sediment Agitation 
Summary 
Sediment agitation is an automatic plant control method that mechanically disturbs the 
lake bottom within a well-defined area to remove aquatic plants and prevent regrowth. The 
machines sweep, roll, or drag repetitively over plants and the sediment. They must be attached to 
a post, dock or other structure. They require a source of electricity. There are three types of 
sediment agitation machines: weed rollers, lake sweepers and beach groomers. 
Weed rollers consist of a long metal cylinder or pipe that rolls on the bottom of the lake. 
It is driven by a low voltage motor and moves along an adjustable arc of up to 270 degrees. Fin 
like projections on the roller help dislodge plants and roots from the sediment. Lake sweepers 
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have two long poles with lightweight rakes attached. A submersed pump powers the rotating 
arms, causing the rakes to sweep along the bottom removing plants.  It has a radius of about 24 
to 42 feet. The beach groomer consists of two seven-foot arms that are rotated by a pump. The 
arms have chains, which drag along the bottom and can clear a 14 foot area. 
Repetitive use of these machines can suppress the growth of plants and create and 
maintain open areas of water. Several of these machines are portable and can be shared between 
landowners. Fragments are created with this method, which may cause further spread of the 
unwanted plant(s). Fragments should be collected from the water and disposed. These units may 
also create turbidity as fine sediments are dispersed. Over time a small depression may be 
created from repetitive use. 
The ease of installation and movement varies with the unit.  It is best to install and begin 
using the systems early in the spring, before plants begin to actively grow (WDOE, 2003). 
Obstacles such as logs must be removed prior to installation. When the units are in use, signs 
should be posted to prevent people from using the area and to prevent injuries. Once the area is 
initially cleared, the units can be used as little as one day per week to keep the plants from 
recolonizing. When not in use, the units should be stored where people cannot accidentally injure 
themselves. 
 
Advantages 
• Repetitive use can suppress regrowth of plants 
• Creates and maintains open water areas 
• Most devices are adjustable and easily maneuverable 
• Some products are portable and can be shared by neighbors 
• Operating costs are low 
 
Disadvantages 
• Repetitive agitation of the sediments can disturb bottom dwelling organisms and may 
interfere with fish spawning 
• May create fragments, which may cause further spread of the unwanted plant(s) 
• Can create a depression where the unit operates, as fine sediment is dispersed to other 
areas 
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• Obstacles such as logs, need to be removed prior to installation and use 
• Equipment should be relocated when area is to be used for activities such as swimming 
and wading 
• When in use, area should not be used for swimming or other recreational activities 
• May create turbidity in softer sediments 
 
Costs 
Beach groomers start at about $1,000, and the pump to power it costs an additional $300. 
Lake sweepers and weed rollers are between $2,000 and $3,000. 
 
Drawdown 
Summary 
Lowering the level of water in a lake can have a notable impact on aquatic weeds. This 
method can be used on a waterbody where there is a water control structure that allows the 
managers to drop the level of water for extended periods of time (WDOE, 2003). It is best if the 
depth of the drawdown exceeds the maximum depth of colonization of the target species (AERF, 
2003). To be effective, the period of drawdown needs to last at least one month to ensure 
thorough drying of the plants (Cooke, 1980). In addition, drawdown is best done during the 
winter, when freezing of sediments may be possible. The results of carefully a carefully planned 
drawdown may provide long-term control, for two years or more (Madsen, 2000). 
This method is most commonly applied to Eurasian watermilfoil (Siver et al, 1986) and 
other milfoil species or submersed evergreen perennials (Tarver, 1980). It is important to know 
which plants are targeted for control, as species respond differently to drawdown and their 
response is not always consistent (Cooke, 1980). Some aquatic plant species are adapted to 
drawdown conditions, including pondweeds (Potamogeton spp.) and hydrilla (Hydrilla 
verticillata). These plants have reproductive propagules that can survive the drawdown, allowing 
them to easily recolonize the lake after drawdown. Drawdown can enhance the expansion of 
native plants into areas previously occupied by invasive species (WDOE, 2003). Drawdown can 
also have significant environmental effects and may interfere with recreation and other beneficial 
uses of the lake. 
Lowering the level of the waterbody can significantly impact fish and wildlife 
populations. This may be of particular concern if there are endangered or threatened species that 
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utilize the waterbody. In lakes with anadromous fish species and endangered species, water level 
drawdown may not be practical or feasible. There may be an increase in algal blooms following 
drawdown (WDOE, 2003). 
Previous efforts at weed control utilizing water level manipulation in the Northwest have 
been unsuccessful (Geiger, 1983). The mild winter of the Pacific Northwest is not suitable for 
such a procedure(Cooke et al, 1993). This lake is groundwater dominated, and combined with 
the heavy winter rainfall, sufficient drying of the sediments and plants is unlikely. 
 
Advantages 
• Can be inexpensive, if a water control structure exists 
• Can have long term effect (two or more years) 
• Docks and other structures can be repaired during drawdown 
• The expansion of native plants into areas previously occupied by invasive species can be 
enhanced 
• Loose sediments can become consolidated 
 
Disadvantages 
• Requires a water control structure; can be expensive if not already present 
• Some invasive or unwanted species growth, such as annuals may be enhanced 
• Can impair recreational and other beneficial uses during the drawdown period 
• Significant impacts to fish and wildlife 
• Algal blooms may occur following drawdown 
• May cause a decrease in nearby well levels 
 
Costs 
Costs may be minimal if a water level control structure is in place. However, the loss of 
beneficial uses such as recreation and aesthetics could represent a significant loss to property 
values and revenues from tourism and fishing. 
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Dredging 
Summary 
Dredging is usually not performed solely for aquatic plant management (Madsen, 2000). 
It is more often used for lakes that need deepening due to sediment infill, have excess nutrients, 
have inadequate pelagic and hypolimnetic zones, or require the removal of toxic substances 
(Petersen, 1982). 
Lakes that are very shallow due to sedimentation typically have abundant aquatic plant 
growth. Dredging reduces aquatic plant problems directly by removing the plants, bottom 
sediment, and associated nutrients.  Shallow dredging - one meter - has been found to be 
effective for a few months (Engel and Nichols, 1984). Deeper dredging, below the maximum 
depth of plant colonization, can prevent recolonization for 12 months (Collett et al, 1981) and 
may result in decreased plant biomass for a decade or more (Tobiessen et al, 1992). 
Dredging is effective because the increased depth decreases the light available for plant 
photosynthesis and growth  (Nichols, 1984a). Dredging may also create more diversity in the 
plant community, by opening more diverse habitats and creating depth gradients (Nichols, 
1984a). However, dredging also results in problems with temporary suspended sediment and can 
harm benthic organisms and other wildlife that overwinter in the sediments. It is not commonly 
employed as a lake restoration method due to the extremely high costs, extensive permitting 
issues, environmental impacts and sediment disposal issues. 
There are several different types of dredges including suction dredges, clamshell dredges 
and even backhoes mounted on barges. If access from the shore is feasible, dredging around 
docks can be done by a backhoe on shore. 
 
Advantages 
• Can create deeper, open water available for recreation 
• Can create depth gradients and a more diverse aquatic plant community 
 
Disadvantages 
• Very expensive 
• Requires permits and mitigation if more than 50 yd³ removed 
• Requires disposal of sediments and associated plant material and water 
• Can harm benthic organisms that over winter in the sediments and impact fish and other 
wildlife 
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• Removes plants, which are habitat for fish and other wildlife 
• Creates turbidity 
 
Costs 
Costs are variable for dredging projects depending on the amount of sediment removed, 
disposal and other issues.  A dredging project on two shallow New Jersey Lakes in 1985 cost 
$4.80 meter³ - $8.26 meter³; the total project cost $667,500 not including the engineering or 
administrative fees (Horstman and Copp, 1985). 
Holdren et al (2001) gives more recent costs. Depending on the sediment depth, 2 feet or 
five feet, costs for dredging range from $20,000 to $50,000 or $40,000 to $80,000 per acre 
respectively. This included design, permitting, capital cost, operating cost and monitoring. Costs 
for larger scale dredging projects generally will run into the millions. Mobilization of the 
equipment often represents a significant portion of the cost for larger projects. 
Small scale dredging around docks with good access for large backhoe equipment would 
cost between $1,300 and $1,400, including disposal. Sites with limited access require individual 
examination by the contractor and more time for the project, and prices will vary (Sarin, 2004). 
 
Biological Control Methods 
The biological control of aquatic plants focuses on the selection and introduction of 
organisms that have an impact on the productivity, growth, or reproduction of the target plant, 
thus controlling the unwanted plant. There are two major types of biological control: classic 
biological control and general biological control. 
Classical biological control uses agent organisms that are host specific, which attack only 
the plant species that are targeted for control. These organisms generally are found in the native 
range of the target nuisance aquatic plant and like the target plant are non-native. A number of 
exotic aquatic species have approved classic biological control agents available for release in the 
U.S. These species include: hydrilla (Hydrilla verticillata), water hyacinth (Eichhornia 
crassipes), alligator weed (Alternanthera philoxeroides), and purple loosestrife (Lythrum 
salicaria). The Clatsop County Soil and Water Conservation District is currently releasing 
several different species of insects for purple loosestrife control within the county. However, 
biocontrol is not suitable for populations of purple loosestrife smaller than ¼ of an acre 
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(Coombs, 2004). The small, spread out clumps of purple loosestrife at the lake would not allow 
the insects to establish a population capable of controlling the plants. There are no classical 
biological agents available for the invasive aquatic plants currently in these lakes; therefore the 
only option left is a general biological control agent. General biological control utilizes control 
organisms that are not host specific and will not target specific plant species. An example of a 
general control agent is the grass carp, which is discussed below. 
 
Grass Carp 
 Summary 
Grass carp (Ctenopharyngodon idella), also known as the white amur, is a herbivorous 
fish from Asia that was first imported into the United States in the 1960’s for use as a biocontrol 
agent for aquatic plants. Triploid fish must be used in Oregon. These fish have a low probability 
of successful reproduction. Grass carp live an average of 10 years and a maximum of over 40 
years. They have reached sizes as large as 50 pounds in lakes in the Midwest where they have 
been used as biocontrol organisms. ODFW requires a permit to stock grass carp in Oregon, 
which is discussed in the Permits section below. 
Grass carp have been shown to have definite food preferences, with some plant species 
being consumed prior to others. Grass carp have not been observed eating emergent wetland 
vegetation. Native species, such as the thin-leaved pondweed species and common waterweed 
(Elodea canadensis) are consumed before invasive species such as Brazilian elodea and Eurasian 
watermilfoil (Myriophyllum spicatum), while floating leaved species, such as fragrant waterlily 
and watershield are rarely consumed (Pauley et al, 1995; McKnight and Hepp, 1995) and may 
even increase after stocking of grass carp (Bonar et al, 1995). 
Grass carp will seek out flowing water, so that all inlets and outlets of the waterbody 
must be screened. Loch and Bonar (1999) observed 49 adult grass carp migrating up the 
Columbia River in 1996 and 1997, thus emphasizing the need for barrier construction and 
maintenance in water bodies with grass carp. The appropriate stocking rate of grass carp depends 
on the macrophyte species composition and abundance in the lake. Grass carp effectiveness is 
strongly influenced by water temperature and seasonality, with northern ecosystems typically 
requiring substantially higher stocking rates than southern ecosystems (Stewart and Boyd, 1994). 
Grass carp have had mixed results as a biocontrol agent for aquatic plants in lakes. Many 
studies have sought to identify a stocking rate where macrophytes are suppressed rather than 
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eliminated, but most have found an all or none result (Bonar et al, 2002; Cassani et al, 1994; 
Mitzner, 1994; Pauley and Bonar, 1995; Pauley et al, 1998; Scherer et al, 1995; Small et al, 
1985). In a study of 98 lakes and ponds in Washington, submersed aquatic vegetation was either 
not controlled, (42 percent of the lakes), or completely eradicated, (39 percent of the lakes) 
(Bonar et al, 2002). In addition, grass carp may not have any noticeable effects on macrophytes 
after stocking for long periods, more than 18 months (Bonar et al, 2002). Lake water chemistry 
may affect plant palatability and affect grass carp consumption rate and feeding preference 
(Bonar et al, 1990). 
The stocking of grass carp has been associated with changes in water chemistry, 
particularly decrease in water clarity attributed to increased turbidity (Leslie and Kobylinski, 
1985; Leslie et al, 1983; Lembi, 1978; Bonar et al, 2002; Small et al, 1985) and algal biomass 
(Maceina et al, 1992). 
Grass carp are currently being used in one other coastal lake in Oregon, Devils Lake. 
Grass carp were first stocked in Devils Lake in 1986 and a supplemental stocking occurred in 
1993. The use of grass carp as a biological plant control resulted in the total eradication of all 
aquatic plant species in the lake. The elimination of all aquatic plants in the lake resulted in a 
shift of the stable state of the lake, from a clear, macrophyte dominated state to a turbid, algae 
dominated state. The lake has had subsequent problems with toxic cyanobacteria (blue-green 
algae) blooms (Waggy, 2002).  
 
Advantages 
• Inexpensive as compared to some other control methods 
• Can provide long term control (10 + years) 
• Provides biological alternative for aquatic plant control 
 
 
Disadvantages 
• May take several years to achieve control (depending on plant density and stocking rate 
of fish) 
• Level of control is highly variable, ranging from no control to complete eradication: 
• If not enough fish stocked, less favored plants may begin to dominate 
• If too many fish stocked, all plants may be removed 
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• Show feeding preferences, so that native plants may be removed before unwanted 
invasive species; plants like fragrant waterlilies or watershield are rarely consumed 
• Preferred plants may also be important for habitat or waterfowl food 
• Difficult and expensive to remove once stocked 
• All inlets and outlets must be screened (may be not be feasible in water bodies with 
salmonids) 
• Often associated with an unwanted decrease in water clarity attributed to an increase in 
turbidity and algal biomass  
• Recapture of fish is difficult if waterbody has been overstocked 
 
Costs 
The cost of grass carp varies from $5 to $15 per fish based on where the fish are 
purchased and shipping and handling costs (WDOE, 2003). At a stocking rate of 15 fish per acre, 
765 fish would be required and the total cost to stock grass carp in the 51-acre lake would be 
between  $3,825 and $11,475. 
 
Other Considerations 
Lakes vary with regard to baseline water chemistry and fish and wildlife species type and 
abundance. The impact of grass carp on these variables within an individual lake is difficult to 
predict and studies have had variable results stocking grass carp (Bonar et al, 2002). Grass carp 
are typically viewed as an “all or nothing” control method. However, it is challenging to predict 
the results of the introduction of grass carp within an individual lake. Therefore it is 
recommended not to use grass carp in lakes unless total eradication of all aquatic plants in the 
lake is acceptable. 
The effect of stocking grass carp on game fish populations has been varied. One study 
found a decrease in the bluegill population, with no change in largemouth bass (Forester and 
Lawrence, 1978). Ware and Gassaway (1978) found fewer large mouth bass and more bluegill 
that eventually became small and stunted. Increased predation of rainbow trout has also been 
observed (Rowe, 1984). Two studies found no negative effect on littoral fish populations were 
(Killgore et al, 1998; Mitzner, 1994). Grass carp may have negative impact on waterfowl habitat 
because their food uses overlap (McKnight and Hepp, 1995). 
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Studies have sought ways to confine grass carp within a water body or remove them once 
the desired level of control is achieved. An assessment of three barrier types found that an 
electrified barrier worked to confine carp to a specific treatment area (Maceina et al, 1999). 
Capture of grass carp is difficult (Bonar et al, 1993), although some success has been achieved 
using sound to attract the fish (Willis et al, 2002). 
 
Chemical Control Methods 
Herbicides 
Summary 
The use of herbicides is one of the most widely known and effective management options 
available for aquatic plants (AERF, 2003). In the past 20 years, the use and review of herbicides 
has changed significantly to accommodate safety, health and environmental concerns. Currently, 
no herbicide product can be labeled for aquatic use if it has more than a one in a million chance 
of causing significant harmful effects to human health, wildlife or the environment (AERF, 
2003), although sublethal effects are not well documented. Because of this, there is a limited 
number of effective, EPA approved herbicides currently available for aquatic use. In addition to 
the EPA requirements, each state may have individual requirements. There are several issues that 
currently complicate the use of aquatic herbicides in Oregon. These issues are discussed in the 
Permits section below. 
 
Herbicide Use and Classification 
Herbicides are chemicals used to control aquatic plants by causing death or greatly 
suppressing growth. Aquatic herbicides are sprayed directly onto floating or emergent aquatic 
plants, or are applied to the water in either liquid or pellet form (WDOE, 2003). Herbicides that 
are labeled for aquatic use are classified as either systemic or contact. Systemic herbicides are 
translocated throughout the entire plant. They are slower acting but often result in death of the 
entire plant. Contact herbicides act immediately on the tissues with which they come in contact, 
and cause extensive cellular damage at the point of uptake. Contact herbicides are typically faster 
acting; however only kill plant parts, which they contact. They do not always kill root crowns, 
roots or rhizomes for example (AERF, 2003). The effect of contact herbicides on target plants is 
not sustained, and the plant is capable of regrowth (Table 4). 
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The response of plants to herbicides is a function of the properties of the plant, the 
herbicide, the concentration and contact time and timing of the application (Madsen, 2000). 
Exposure times and concentrations are determined in the laboratory and in field trials. Species 
with significant above water vegetative surfaces, such as floating or emergent species, can be 
treated with direct application to the surface of the plant. However, care should be taken to avoid 
application if a rain event is likely (AERF, 2003). 
Application of herbicides to complex, three-dimensional aquatic systems requires training 
and experience. Herbicide applicators should be experienced in aquatic application of herbicides 
and should have the appropriate training and certification. They should also know the target 
species for control in the waterbody and the appropriate herbicide type, concentration, and 
timing appropriate for its control. 
 
Table 4. Classification, characteristics and mode of action of federally approved herbicides. Adapted from 
Madsen (2000). 
Chemical Trade Names Contact v. Systemic Mode of Action 
Fluridone 
Sonar AS 
Sonar SRP 
Sonar PR 
Avast! 
Systemic 
Disrupts carotenoid 
synthesis, causing 
bleaching of chlorophyll 
Glyphosate Rodeo Eagre Systemic 
Disrupts synthesis of 
phenylalanine (amino acid) 
Endothall 
Aquathol K 
Hydrothol 191 
Aquathol granular 
Contact Inactivates plant protein synthesis 
2,4 – D 
Navigate 
Aqua – Kleen 
IVM 44 
Many others 
Systemic Selective plant growth regulator 
Diquat Reward Weedtrine Contact 
Disrupts integrity of plant 
cell membranes  
Triclopyr Garlon 3A Renovate Systemic 
Selective plant growth 
regulator 
Complexed Copper 
compounds 
Cutrine Plus 
Komeen 
Koplex 
K-Tea 
Several others 
Systemic Plant cell toxicant 
 
Herbicide Registration, Label Precautions and Use Restrictions 
Herbicides that are sold in the U.S. must be registered with the federal government and, 
in most cases, by state regulatory agencies as well.  The herbicides are reviewed and regulated by 
the EPA Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) (FIFRA 1974, 7 J.S.C 135 
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et seq. Public Laws 92-516, 94-140 and 95-356) and its recent amendments. The printed 
information and instructions included with a registered herbicide is known as the label and it 
constitutes a legal document (Table 5). Failure to use an herbicide in accordance with the label 
can result in severe penalties. The label provides information on the active ingredients, directions 
for the correct use on target plant species, warnings and use restrictions and safety, and antidote 
information (AERF, 2003). Selection of an appropriate herbicide also requires consideration of 
the restrictions on water use that may be required following an application. Restrictions may be 
required where there is unnecessary risk to people, livestock, or fish and wildlife. Contact the 
manufacturer or the company that sells the product for current label information. Labels can also 
be readily found on the internet. 
 
Table 5. Summary of use and application restrictions for federally approved aquatic herbicides. Effectiveness 
includes only those species of concern in the Clatsop Plains Lakes. Adapted from AERF (2003). 
Chemical Exposure Time Persistence (in days) 
Maximum water 
concentration Effective in controlling 
1  
Fluridone Intermediate (18-72 hours) 21 0.15 mg/L 
Fanwort, Brazilian elodea, 
parrotfeather, and several native 
spp. 
Glyphosate Intermediate (18-72 hours) 14 0.2 mg/L 
Fragrant waterlilies and other 
emergent and floating spp. 
Endothall 
Short to 
intermediate 
(12-36 hours) 
4-7 5.0 mg/L Brazilian elodea, parrotfeather, and several native spp. 
2,4 – D 
Short to 
intermediate 
(12-36 hours) 
7.5 2.0 mg/L Fragrant waterlilies, parrotfeather and several native spp. 
Diquat Very long  (45-60 days) 1-7 0.37 mg/L 
Brazilian elodea, parrotfeather, and 
several native spp. 
Triclopyr Intermediate (18-72 hours) 3-7 2.5 mg/L 
Parrotfeather, Fragrant waterlilies, 
purple loosestrife 
Complexed Copper 
compounds 
Intermediate 
(12-72 hours) 3 1.0 mg/L Algae, Hydrilla 
1 From the Aquatic Plant Information System, USACE (2001). 
 
Selectivity 
Herbicides can be characterized as selective or nonselective (Table 6). Nonselective or 
broad-spectrum herbicides control all or most species of plants due to their effects on the 
physiological processes that are common to all species. Since these types of herbicides can kill 
all vegetation that they contact, care must be taken to be sure that the effect on desirable plants is 
minimal. Glyphosate is a non-selective, systemic herbicide that will kill all emergent and floating 
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aquatic vegetation on which it is applied. Selective herbicides will damage only those groups of 
plants that possess the biological pathways to which the active chemical ingredient is specific. 
Some selective herbicides control only broadleaf plants (dicots) and do not affect grasses 
(monocots), while others are effective on monocots alone (AERF, 2003). Selectivity can also be 
a function of concentration and contact time. At higher doses, fluridone is nonselective and can 
affect native plants as well as invasive species. 
 
Advantages 
• Herbicides can be less expensive than other control methods 
• Many can be species specific, allowing removal of only targeted species 
• Can often utilize low doses to remove unwanted plants 
• Easily applied around docks and other structures, underwater obstructions usually not a 
problem 
 
Disadvantages 
• Some are slow acting, may take days or weeks to control or kill plants 
• Non-targeted plants may be harmed, depending on herbicide used 
• Some herbicides have post-application swimming, fishing or other use restrictions  
• Requires licensed applicator who is experienced in aquatic use of herbicides to ensure 
success and avoid unwanted impacts 
 
Costs 
Costs to treat one acre with aquatic herbicides varies between $200 to $2000 depending 
on type of herbicide used, quantity required, and other site specifics (WDOE, 2003; Holdren et 
al, 2001). 
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Table 6. Advantages and disadvantages of federally approved aquatic herbicides. Adapted from Madsen (2000). 
Chemical Advantages Disadvantages Systems Where Used Effectively 
Plant species 
response 
Fluridone 
• Requires low doses 
• Few use restrictions 
• Negligible risk to wildlife 
• Selective at low application rates 
• Requires long contact time Small lakes, slow flowing systems 
Broad 
spectrum, acts 
in 30-90 days 
Glyphosate 
• Systemic 
• Widely used 
• Few label restrictions  
• Affects emergent plants only  
Non-selective for species 
Nature preserves and 
refuges 
Broad 
spectrum, acts 
in 7-10 days 
and up to 4 
weeks 
Endothall 
• Requires short contact time 
• Low toxicity to fish (Aquathol® formulation) 
• Rapid action 
• Limited drift 
• Does not affect underground portions of plant 
• Use restrictions for water use 
• Toxic to fish (Hydrothal® formulation) 
• Short term efficacy 
Shoreline, localized 
treatments 
Broad 
spectrum, acts 
in 7-14 days 
2,4 – D 
• Inexpensive 
• Systemic herbicide 
• Some species specificity 
• Low fish toxicity 
• Public perception 
• Toxic to benthic organisms 
Water hyacinth and 
Eurasian watermilfoil 
control, lakes and slow 
flowing areas, purple 
loosestrife 
Selective on 
broad-leaved 
plants, acts in 
5-7 days up to 
2 weeks 
Diquat 
• Requires short contact time 
• Rapid action 
Limited drift 
• Does not affect underground portions of plant 
• Short term efficacy 
• Use restrictions for aquatic use 
• Toxic to aquatic invertebrates  
Shoreline, localized 
treatments 
Broad 
spectrum, acts 
in 5-7 days 
Triclopyr 
• Systemic 
• Selective for broadleaved plants 
• No label restrictions for swimming or fishing 
• Not effective on monocots Lakes and slow flowing areas, purple loosestrife 
Selective to 
broad leaves 
acts in 7-10 
days, up to 2 
weeks 
Complexed 
Copper 
compounds 
• Rapid action 
• Low cost 
• Approved for drinking water 
• Toxic to fish and mollusks, particularly in soft water 
• Accumulates in sediment, but biologically inactive 
Lakes as algaecide, 
herbicide in higher 
exchange areas 
Broad 
spectrum, acts 
in 7-10 days or 
up to 4-6 
weeks 
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Emergent weed control methods 
Purple loosestrife 
Hand pulling or digging has been successful in controlling small patches of young plants, 
which can be removed by hand with little effort. Mature plants are more difficult, but not 
impossible to remove by digging. The root mass should be removed, making sure that all pieces 
have been collected. Purple loosestrife will re-root from the smallest rhizome fragments and 
from broken stems (CDFA, 2001; Bender and Rendall, 2001). Where plant digging is not 
feasible, removal of flower stalks helps slow the spread of seed. Plants can be flagged after 
removal of flowers in the early summer, and then dug up in fall prior to dieback, when the 
ground is softer. All plant fragments including roots and broken stems should be removed and 
destroyed by bagging plant material and allowing it to completely dry out, before disposing 
(CDFA, 2001). Because hand removal can leave fragments, a combination of mechanical and 
chemical methods may be more effective. 
Spot application of glyphosate directly on to purple loosestrife can be safely done by 
cutting off all the plant’s stems to six inches and then painting or dripping the herbicide onto the 
cut surface (Henderson, 1987). Spraying can be also done and studies indicate it is best to spray 
no more than 25 to 50 percent of the plant’s foliage to help limit overspraying that might damage 
neighboring vegetation (Bender and Rendall, 2001). The major disadvantage of using glyphosate 
is that it is non-specific systemic. Broadcast spraying of such an herbicide kills all of the 
vegetation in a treatment area may result in an increase of purple loosestrife density because of 
seed germination following the removal of the competing native vegetation (Bender and Rendall, 
2001). However, careful application of glyphosate can lead to eradication of the invasive plants 
while maintaining the surrounding native vegetation. This would be more effective than pulling 
or digging, since it will kill the entire plant, including roots and rhizomes without disturbing the 
soil and generating fragments. Triclopyr is also effective in controlling purple loosestrife in a 
foliar spray application. The choice of application technique and timing determines efficacy and 
should minimize off-target effects. However, the use of chemicals is somewhat limited by legal 
issues, which is discussed in the Permits section. 
Control and eventual eradication may also be achieved using biological methods. As 
mentioned previously, Clatsop County Soil and Water Conservation District is currently 
overseeing the release of insects for the biological control of purple loosestrife in Clatsop 
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County. Clumps of purple loosestrife must be at least ¼ of an acre in area to sustain an 
established population of insects for biocontrol (Coombs, 2004). 
 
Yellow flag iris 
Manual or mechanical methods that remove the entire rhizome mat can successfully 
control small, isolated patches of yellow flag iris (Tu, 2003). These methods are time and labor 
intensive, and may be only somewhat successful, since plants can easily propagate from rhizome 
fragments (Clark et al, 1998 in Jacono, 2001). Pulling or digging the plants repeatedly over 
several years, may provide adequate control and eventually cause death. Care should be taken 
when pulling or digging the plant, since resinous substances in the leaves and rhizomes may 
cause skin irritation (Cooper and Johnson, 1984 in Jacono, 2001). If digging is not feasible 
clipping flower heads and seed pods may slow the development and spread of seeds, but will not 
kill the plant. Seeds are buoyant and water is the primary dispersal method (Tu, 2003). Seeds and 
rhizome fragments may be dispersed by wind throughout the lake. If seeds are deposited onto 
moist soil, such as the lakeshore, they have a high germination rate (Coops & Van Der Velde 
1995). It is important to dispose of all plant fragments to prevent the spread of the plant around 
the lake. Yellow flag rhizomes are very drought resistant and excavated rhizomes can continue 
growing for three months without water (Sutherland, 1990). No biological controls are currently 
available for yellow flag iris control (Tu, 2003). 
Because hand removal can leave fragments, a combination of mechanical and chemical 
methods may be more effective. Successful control has been achieved by directly applying 
glyphosate to fresh cut stems with a wick applicator or a backpack sprayer (Tu, 2003). Wick 
applications involve using various types of sponges to directly paint on or apply the herbicide to 
the leaves of the plant. Glyphosate can be applied to yellow flag iris with a dripless wick on the 
leaves, which will limit the herbicide to the problem plant. Spraying is also effective, but as 
mentioned before, can increase the chance of unwanted control of native species. As mentioned 
previously, the use of chemicals is somewhat limited by legal issues, which is discussed below. 
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Permits and Regulations 
Introduction 
Permits are required for implementation of many aquatic plant management techniques. 
Many different agencies are involved, and each has their own unique requirements depending on 
the selected control method, timing, area affected, presence or potential presence of any 
endangered or threatened species. Often several agencies on several levels, local, State and 
Federal, have authority; particularly in waterbodies that are designated as critical salmon habitat 
(Table 7). A detailed description of the permit requirements follows and contact information for 
each agency can be found in Appendix A-4. 
 
Table 7. Agencies which could be involved in permitting for plant control methods. 
Method Local Agency State Agencies Federal Agencies 
Benthic Barriers Clatsop County Oregon DSL ODFW 
USACE 
USFWS 
NOAA-Fisheries 
Water level drawdown Clatsop County ODFW USFWS NOAA-Fisheries 
Dredging Clatsop County Oregon DSL ODFW 
USACE 
USFWS 
NOAA-Fisheries 
EPA 
Hand Removal Clatsop County ODFW USFWS NOAA-Fisheries 
Harvesting Clatsop County ODFW USFWS NOAA-Fisheries 
Cutting Clatsop County ODFW USFWS NOAA-Fisheries 
Sediment Agitation Clatsop County 
Oregon DSL 
ODFW 
Oregon DEQ 
USACE 
USFWS 
NOAA-Fisheries 
EPA 
Rotovation Clatsop County 
Oregon DSL 
ODFW 
Oregon DEQ 
USACE 
USFWS 
NOAA-Fisheries 
EPA 
Diver-operated suction harvesting Clatsop County 
Oregon DSL 
ODFW 
Oregon DEQ 
USACE 
USFWS 
NOAA-Fisheries 
EPA 
Grass Carp Clatsop County ODFW USFWS NOAA-Fisheries 
Herbicides Clatsop County ODFW Oregon DEQ 
USFWS 
NOAA-Fisheries 
EPA 
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Clatsop County 
Clatsop County designates land use within the county by assigning zones. These zones 
dictate what types of activities can occur on the land within the zone. Some activities may be 
limited by restrictions that are created to protect natural resources or beneficial uses such as 
recreation. Overlay districts are a type of zone over an area that has already been designated as a 
specific zone. This lake falls within two overlay districts and one zone. The two overlay districts 
are the Shoreland Overlay district and the Beach and Dune Overlay district. 
The Shoreland Overlay district includes areas within 50 feet of a coastal lake (Section 
4.080). The purpose of this district is to manage uses and activities in coastal shoreland areas. 
The lakes fall into Category 2 Coastal Shorelands (Section 4.086(2)). This category allows 
projects for the protection of habitat, nutrient, fish, wildlife and aesthetic resources. The Beach 
and Dune Overlay district includes the beach and dune hazard area (Section 4.040). The intent of 
this district is to regulate the uses and activities within these areas to conserve, protect and 
restore the resources of the beaches and dune. 
The zone underlying these two overlay districts, the Lake and Wetland Zone (Section 
3.610), is to ensure the conservation of important shoreland and wetland biological habitats to 
maintain the diversity of species and ecological regions in Clatsop County. The rules and 
regulations of this zone supersede those of the overlay zones. Conditional use permits will be 
required for all of the weed management activities in this lake. A Conditional Use Permit is 
required for the following activities within this zone: active restoration (including any aquatic 
vegetation removal), boat launch development, and vegetation removal from coastal lakes east of 
U.S. Highway 101 that is acceptable to ODFW and other state and federal agencies (Section 
3.614:1,3,6). 
Conditional use permits cost between $600 and $800 and can take one to three months to 
obtain. Authorization of the conditional use granted by the permit is void after two years, 
however an extension of up to one year may be granted. Homeowners associations or landowner 
groups can apply for the permits for all aquatic plant management methods under one permit, 
reducing the cost of the permit. In addition, if any state or federal permits are required for the 
proposed action, the applicant must submit a copy of these permits, prior to the issuance of a 
development permit or any action. The presence of Endangered Species Act (ESA)-listed or 
Oregon State listed endangered or threatened species will require consultation between the 
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county and state and federal agencies prior to issuance of the permit. This consultation may be 
informal and straightforward or can be formal and complex. The type of consultation required 
and time frame for completion varies with the species present and project specifics. 
The permits can be obtained from the Clatsop County Community Development 
Department. Contact information for Community Development is available in Appendix A-4. A 
copy of the Conditional Use Permit application is in Appendix A-5. 
 
Oregon Division of State Lands and US Army Corps of Engineers 
Oregon Division of State Lands (DSL) regulates the submersed lands of the state, 
including lakes, regardless of ownership. Oregon’s Removal-Fill law (ORS 196.795-990) 
requires individuals and groups who plan to remove or fill material in waters of the state to 
obtain a permit from DSL. Permits or General Authorizations (see description below) are 
required for: projects requiring the removal or fill of 50 yds3 or more of material in waters of the 
state, or the removal or fill of any quantity of material, in a water body designated as Essential 
Salmon Habitat. The law does not apply if the work in waters of the state is for the fill or 
removal less than 50 yds3, except in essential, indigenous, anadromous, salmonid habitat and 
scenic waterways (ORS 196.810(b)). Smith Lake has not been designated as a scenic waterway 
or Essential Salmon Habitat. 
Any aquatic plant management activities that involve sediment removal or fill in water 
bodies that are designated as Essential Salmonid Habitat requires consultation between DSL and 
the Oregon Department of Fish and Wildlife (ODFW). In water bodies that contain ESA - listed 
salmonids or are designated Critical Habitat, sediment removal or fill would also require 
consultation with and approval from NOAA Fisheries. If ESA-listed amphibians, freshwater fish 
or avian species that are present within the project area, DSL would seek consultation from the 
U.S. Fish and Wildlife Service (USFWS). Additional consultation may occur with other 
agencies, such as DEQ or the Environmental Protection Agency (EPA), both of which regulate 
water quality. This consultation may be informal and straightforward or can be formal and 
complex. The type of consultation required and time frame for completion varies with the 
species present and the specifics of the project. A recent species list will need to be acquired 
from both the USFWS and NOAA Fisheries to determine if any listed species are present in the 
lake. The permit will need to identify how (if at all) the listed species will be impacted by the 
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project. Application fees for Individual permits range from $50 to $600 depending on the status 
of the applicant (private, public or commercial) and the quantity of material removed and/or 
filled. 
The amount of sediment removed is measured annually so a landowner would need to 
wait one year prior to removing up to another 50 yds3. The amount of sediment removed is based 
on who pays for the removal, a group or an individual. For example, if a homeowners association 
were to hire a backhoe to do small scale dredging around docks in the lake, the 50 yds3 limit 
would apply to all of the participants, thereby limiting the amount of sediment that could be 
removed around each dock. If each individual hired a backhoe, up to 50 yds3 could be removed 
before triggering a permit. However, a group of landowners pooling their money to pay one 
contractor for a job would be limited to removal of a total of 50 yds3. Each individual would not 
be allowed 50 yds3. 
DSL issues a streamlined type of permit called a General Authorization for certain types 
of activities, such as smaller projects, such as the General Authorization for Minimal 
Disturbances Activities (less than two yds3) within Essential Salmon Habitat. There are several 
different types of General Authorizations, including the one mentioned above. There is currently 
no cost for applications for General Authorizations. It is unlikely that any of the weed control 
methods employed in Smith Lake will qualify for a General Authorization. 
Many projects that require a DSL removal-fill permit will also require a federal permit 
from the U.S. Army Corps of Engineers (USACE). DSL and the USACE use a joint permit 
application form; so only one application needs to be completed to obtain both permits. 
However, a copy of the application must be sent to both agencies. 
The USACE regulates fill placed in non-navigable wetlands and waterways under 
Section 404 of the U.S. Clean Water Act, and regulates all structures and work in or affecting 
navigable waters of Section 10 of the Rivers and Harbors Act. Each situation must be evaluated 
by USACE and a permit may or may not be required depending on the site. Some activities, such 
as bottom barriers, may qualify for a Nationwide permit, which is a streamlined, no cost permit 
typically issued for activities that take place often. 
Landowners and lake managers should contact the USACE and the DSL Resource 
Coordinator for Clatsop County prior to placing any structures or performing other management 
activities in the lake. Permits are required for activities such as benthic barriers, dredging, 
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sediment agitation and rotovation. The permits can be obtained from DSL’s webpage. Contact 
information including website links for DSL and the USACE is available in Appendix A-4. 
Copies of the permit applications are in Appendix A-5. 
 
Oregon Department of Environmental Quality 
The Oregon DEQ is the state agency responsible for protecting Oregon's surface waters 
and groundwater. Their mission is to keep these waters safe for a wide range of uses, such as 
drinking water, recreation, fish habitat, aquatic life, and irrigation. DEQ’s Water Quality 
Program accomplishes this through regular monitoring, inspection, regulation and development 
of water quality standards for Oregon's waters and permits based on those standards and 
regulations. Aquatic plant management options that may create turbidity include dredging, 
sediment agitation, rotovation and diver operated suction harvesting. In addition, there are 
extensive permit issues regarding the application of herbicides. Each of these situations is 
described below. 
 
Turbidity 
Dredging, sediment agitation, rotovation and diver-operated suction harvesting all create 
turbidity during the removal of aquatic plants. The existing turbidity rule in division 340-41 
refers to a maximum increase in turbidity of 10 percent relative to upstream water. This rule, 
however, refers specifically to streams and not to lakes. DEQ is currently developing a new 
turbidity standard that addresses a wider range of circumstances with more specific endpoints. 
"Ponded systems" such as lakes are specifically addressed. The new draft rule states there is a 
limited allowable increase of turbidity in terms of NTUs (nephelometric turbidity units) and a 
limited percent increase in turbidity within a specified distance. These draft limits will 
approximate the 10 percent rule currently in place for streams; however specifics are not yet 
available. A permit may be required for those methods that stir up sediments and create turbidity, 
such as rotovation, sediment agitation, dredging, and diver operated suction harvesting. 
Precautions such as using a sediment curtain to limit the spread of the turbid water during small 
scale sediment removal should always be taken. Landowners should contact the North Coast 
Basin TMDL Coordinator prior to beginning any work (see Appendix A-4 for contact 
information). 
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Herbicides 
Prior to 2001, aquatic herbicide applicators were required to follow EPA-approved 
product labels that are regulated and enforced under authority from FIFRA – no application 
permit was required in Oregon. In 2001, however, the U.S. 9th circuit Court of Appeals decided 
in the Talent Case (No. 99-35373) that a National Pollutant Discharge Elimination System 
(NPDES) permit is required for aquatic herbicide applications. 
How the Talent decision will be implemented in Oregon is not yet clear. NPDES permits 
typically include limits on the quantity and concentration of pollutants allowed in a discharge as 
well as sampling and monitoring, record keeping, and reporting requirements. There are two 
types of NPDES permits: an “individual” permit issued for a site-specific activity and a 
“general” permit issued for a category of activities with similar discharges. In Oregon, the 
application fee for an individual permit is approximately $10,000 with an annual fee of about 
$2,500 to maintain the permit. NPDES permits are issued for a period of five years. 
The alternative to an individual permit is a general permit, which could be structured in a 
variety of ways provided that the standard conditions developed in the permit are adequate to 
protect the environment. A general permit could be developed to allow for a broader use of a 
particular herbicide on more than one noxious aquatic weed species, or the permit could focus on 
a specific weed and allow a variety of herbicides to be used. A general permit could be issued to 
anyone that can meet the terms and conditions of the permit. In Oregon, general permits must be 
issued through a formal rulemaking process, which may take six to nine months. Permit 
development costs for DEQ are in the range of $50,000 to $100,000, but the permit application 
fee is set in rule at approximately $700 with an annual fee of $350. As a result, a general permit 
is considered only when there is the potential for multiple permittees and thus a reduction in 
overall administrative costs. 
The State of Oregon has not yet developed any general permits for aquatic herbicides. 
There are individual permits that have been issued for aquatic herbicide treatment of irrigation 
canals; however, these have recently been revoked. DEQ revoked the permits to comply with an 
order from the U.S. District Court for Oregon (Northwest Environmental Advocates v. US EPA, 
D.Or.No. CV-01-510HA). The court determined that EPA failed to approve DEQ’s “alternate 
mixing zone standard” and ordered DEQ to revoke all permits that were based on this standard. 
The irrigation permits used this standard to allow for larger areas of toxicity. While it is not 
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likely that DEQ will issue any NPDES permits for aquatic pesticides in the immediate future, it 
is reasonable to assume that NPDES permitting issues within the state will eventually be 
resolved. 
Oregon DEQ’s current policy is that it will not take enforcement action against aquatic 
pesticides applications made without an NPDES permit, provided the applications are consistent 
with EPA guidance (in compliance with FIFRA). Since the Talent decision, Oregon DEQ has 
issued MAOs (Mutual Agreement and Orders) in lieu of NPDES permits as a regulatory 
mechanism. Although an MAO does NOT provide any measure of protection against citizen 
lawsuits, it does demonstrate due diligence on the part of the project proponent. 
The application process and costs for an MAO are the same as those for an individual 
NPDES permit and can take the same amount of time (~ 6 months). The current priority of DEQ 
regarding permits is to reduce the backlog of expired permits, so an MAO could conceivably 
take longer than 6 months to obtain. Lake Oswego Corporation retained legal counsel at 
significant cost to assist in the application process for their MAO. They have obtained an MAO 
and use aquatic herbicides for control of aquatic macrophytes in the lake. The Corporation has 
also applied for an NPDES permit, but permit development is on hold. Contact information for 
DEQ is available in Appendix A-4. 
 
Oregon Dept. Fish and Wildlife 
The Oregon Department of Fish and Wildlife is responsible for protecting fish and 
wildlife in Oregon. Their mission is to protect and enhance Oregon's fish and wildlife and their 
habitats for use and enjoyment by present and future generations. ODFW has jurisdiction over 
issuing permits for the stocking of grass carp for aquatic plant management. Aquatic plant 
management methods may disturb aquatic fish and wildlife species by altering their habitat. 
ODFW has issued guidelines for the timing of in-water work, including aquatic plant 
management, to protect and minimize any potential impacts on fish and wildlife. 
 
Grass Carp Permit 
Permits from ODFW are required for stocking grass carp in water bodies in Oregon. 
There are several provisions for grass carp use in Oregon including: 
• Water body must be on private land 
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• Water body must be less than 10 acres 
• The inlets and outlets of the water body must be screened 
• Water body must not be within the 100 year floodplain 
• Grass carp must be sterile, tagged to identify the owner and less than 12 inches in length 
• Stocking rates cannot exceed 22 fish per acre 
 
The Oregon Fish and Wildlife Commission recently amended these rules to allow 
exception to the water body size limit and the floodplain requirement, provided that the applicant 
can ensure that the grass carp are unable to leave the water body. The commission approves each 
request for exception to the rules on a site-by-site basis (ODFW, 2003c). Contact information for 
ODFW is available in Appendix A-4. Copies of the regulations for stocking grass carp are in 
Appendix A-5. 
 
In-water Work Guidelines 
ODFW (2000) has created guidelines for the timing of in-water work to protect fish and 
wildlife resources. The guidelines provide the public with a way to plan in-water work during 
periods of time that would have the least impact on fish, wildlife and habitat resources. ODFW 
will use the guidelines as a basis for commenting on planning and regulatory processes. This 
includes consultation during the review process for Conditional Use Permits from Clatsop 
County or Removal/Fill Permits from DSL and the USACE. The preferred work period applies 
to the listed streams, unlisted upstream tributaries and associated lakes and reservoirs. The 
preferred work period for coastal lakes is October 1st through February 15th. ODFW may grant 
exceptions to the preferred work period, on a case by case basis. Most control methods are meant 
to control aquatic plants during the growing season, which can range from as early as April to as 
late as September. Residents will need to get an extension for the recommended work period 
from ODFW in order to control weeds between February 15th and October 1st. 
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Evaluation of Lake Specific Weed Control Alternatives 
Introduction 
Smith Lake has two invasive, emergent, aquatic plants and four floating or submersed, 
invasive, aquatic plants, all of which are significantly altering the lake ecosystem and interfering 
with the beneficial uses of the lake. Integrated management of these weeds requires evaluation of 
the available control methods with consideration of the abundance and distribution of the plants 
present, management goals, legal and economic constraints, and possible impacts of management 
activities. Evaluation of the control alternatives also requires an examination of the appropriate 
control intensity. To minimize the impact of managing aquatic weeds on the native fish, wildlife, 
and plants, the intensity of control for the lake needs to be determined. An examination of the 
three levels of control intensity and the appropriate level of control for Smith Lake is included. 
The available control methods previously described are evaluated below. 
 
Control Intensity 
When managing aquatic weeds, it is important to take into consideration the presence of 
native plant and wildlife species that may be harmed by managing the invasive aquatic plants in 
the lake. As discussed above, this is particularly important when there are threatened or 
endangered species present. Several of the available plant management options indiscriminately 
remove all plant species. This may be appropriate in irrigation canals or storage reservoirs where 
no vegetation is desired, but native vegetation is desirable in a natural system. The proper level 
of control for specific use areas in the lake will reduce impact to native vegetation and wildlife. 
Control intensities are: no control, low-level control, and high-level control. 
 
No Control 
In some cases it may be necessary to leave special habitat areas within the lake 
untouched. This is especially true when the control techniques available may have a net negative 
impact on habitat quality. If management techniques degrade the function of shoreline wildlife 
conservancy areas, e.g., nesting and forage sites for waterfowl and other animals, no control 
should be considered in these areas. Native plant beds that function as fish spawning sites should 
be preserved or subjected to minimal treatment. In some cases, the presence of native plants may 
have aesthetic value to the surrounding community. 
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Low-level Control 
Low-level control usually involves partial removal of vegetation. In lakes where a warm-
water fishery is important, using mechanical means to develop fish lanes through vegetation can 
be quite valuable. Low-intensity control efforts are also important in shoreline treatments where 
emergent vegetation is to be protected. Low-level control maximizes enjoyment of a water body 
while minimizing plant removal. A benefit of low-level control using mechanical means is the 
low treatment cost per acre because only patches of vegetation are being removed. The disposal 
cost of the removed material is much less than if the entire plant population were removed. 
 
High-level Control 
The occurrence of certain aquatic plant growth situations may require aggressive control. 
The presence of invasive non-native plants may justify such measures to remove plants, 
especially where critical salmonid habitat may be jeopardized. It may be necessary to clear all 
vegetation from swimming or wading areas for safety reasons. Other areas requiring intensive 
removal may include areas around docks or boat ramps. It is important to note that the latter two 
examples describe small scale, localized treatments. Lake-wide control efforts affecting all of the 
aquatic plants are rarely appropriate, except in lakes where invasive, non-native plants dominate. 
 
Control Level for Smith Lake 
The overall management goal is to control the invasive weeds in Smith Lake in a manner 
that allows sustainable native plant and animal communities to thrive, maintains water quality 
and facilitates recreational enjoyment of the lake. Smith Lake does not contain salmon but it does 
contain several types of warm water fish that have been introduced over the years as game fish. 
The emergent vegetation surrounding the lake includes two invasive plants, purple loosestrife 
and yellow flag iris. Non-native, invasive, nuisance aquatic plant species are abundant in the 
lake. A modified, high-level of control is appropriate for weed management in most of Smith 
Lake to achieve the management goal. The management goal will require a high-level of control 
for most of the lake as well as around private docks. Low-level control or no control is 
appropriate for the wood duck nesting area, Smith-Cobway Park and the undisturbed forested 
wetland on the west shore of the lake. 
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Evaluation of Control Methods 
There are many different weed management techniques that could be employed to meet 
the management objectives for Smith Lake. These techniques were evaluated for effectiveness 
against the target plants, scale and intensity of control provided, timing, permitting constraints, 
and costs. Other factors that influenced selection of management methods included the role of 
watershed nutrient loading in causing nuisance algae blooms and the potential for weed 
management activities to exacerbate water quality problems, impact beneficial uses, and the 
presence of threatened and endangered species. These considerations narrowed the list of 
applicable methods to hand removal, mechanical harvesting, small scale cutting, benthic barriers, 
sediment agitation, small scale dredging, and herbicides (Table 8). The rationale for the selection 
of these methods is discussed below. 
 
Table 8. Summary of suitable methods and recommendation for or against their use for managing aquatic 
weeds in Smith Lake. 
Method Recommended for Smith Lake Comments 
Mechanical    
Hand removal Yes Small areas: around docks and in front of homes 
Harvesting Yes Harvest fragrant waterlily 
Cutting - small scale Yes Small areas: around docks and in front of homes 
Cutting - large scale No Leaves fragments to decompose, water quality and aesthetic issues
Rotovation No Environmental impacts too severe, permit issues 
Diver Suction Harvesting No Not suitable for large scale infestation 
Physical   
Benthic Barriers Yes Small areas: around docks and in front of homes 
Sediment Agitation Yes Around docks and in front of homes 
Drawdown No Not effective in Pacific NW lakes 
Dredging – large scale No Environmental impacts too severe, permit issues 
Dredging – small scale Yes Around docks and in front of homes 
Biological   
Purple loosestrife insects No Purple loosestrife population not large enough 
Grass carp No Do not eat fragrant waterlilies 
Chemical   
Fluridone Yes Whole lake treatment 
Glyphosate Yes Small scale and whole lake treatment 
Endothall Yes Around docks and in front of homes 
2,4 - D No There are more suitable herbicides 
Diquat Yes Around docks and in front of homes 
Triclopyr No More expensive than glyphosate 
Copper Compounds No Not available for  use in Oregon water bodies  
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Diver-operated suction harvesting, water level drawdown and biological methods using 
insects and grass carp were simply not suitable for emergent, floating and submersed aquatic 
weed control in Smith Lake. Diver operated suction harvesting is not appropriate for large scale 
infestations such as exist in Smith Lake and the large rhizomes of fragrant waterlilies are not 
controlled by this method. Diver operated suction harvesting would be better utilized to treat 
small areas after the cover and density of these plants has been reduced by other methods. This 
method could also be used to treat pioneering infestations of other invasive plants or as a spot 
treatment after herbicide use. 
Water level drawdown is not suitable for Smith Lake because it has not been successful 
as a weed control method in other Pacific Northwest lakes (Geiger, 1980). The mild winter 
weather would not ensure freezing of the sediments or plants and the combination of 
groundwater seepage and heavy rain would prevent thorough drying of the plants and their roots. 
There is also no water level control structure in place. The lake would have to be lowered to a 
depth of 2.3 meters to control the fanwort, Brazilian elodea and fragrant waterlilies, leaving little 
water in the lake. This would interfere significantly with the beneficial uses of the lake. 
Biological control of purple loosestrife and the floating and submersed plants is not 
appropriate in Smith Lake. The insects that control purple loosestrife are not effective on plant 
populations smaller than ¼ of an acre (Coombs, 2004). Grass carp are not suitable for aquatic 
plant control in Smith Lake because carp do not eat fragrant waterlilies, one of the main plants of 
concern in the lake. Because the lake does not meet the size requirement (less than 10 acre) 
established by ODFW, landowners would have to apply for an exception to stock grass carp. The 
grass carp could adversely affect water quality and aesthetics through increased turbidity and 
more frequent algal blooms associated with plant removal. Total eradication of all aquatic plants 
in the lake, a potential outcome from the use of grass carp, is not the desired endpoint in the 
management of Smith Lake. 
Large scale cutting, rotovation, large scale dredging and three herbicides were rejected 
because of the detrimental impacts they would have on water quality and beneficial uses as well 
as permitting issues and cost. Large scale cutting is not recommended because water quality and 
aesthetics are important beneficial uses of the lake and the fragments created from cutting will 
negatively degrade both of these uses. Large scale cutting does not involve removing the plants 
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from the water as does harvesting. Decomposition of cut plants could release nutrients in the lake 
and cause algae blooms, decrease dissolved oxygen, and create unsightly and unpleasant odors. 
Rotovation and dredging were rejected because of water quality concerns, lake bottom 
obstructions, mobilization cost and permit issues. Both dredging and rotovation have significant 
impacts on sediments and, potentially, water quality that may harm fish and wildlife and require 
mitigation. Dredging and rotovation would create turbidity in the lake. This change in water 
quality, when coupled with the removal of aquatic vegetation and nutrient loading from the 
watershed, could contribute to a shift in the stable state of the lake. The excess nutrients and 
decrease in competition from aquatic plants could allow increased algae growth, causing the lake 
to shift from a clear, plant dominated state to a turbid, algae dominated state (Scheffer, 1998). 
Obstructions on the lake bottom pose a significant impediment to both these methods. Logs and 
the remnants of an old cattle bridge in the middle of the lake would make rotovation and 
dredging infeasible. 
The costs of initial mobilization are significant for both methods. It is more cost efficient 
to treat a larger area, which would require a permit from DSL and the USACE. The permitting 
process for dredging and rotovation for more than 50 yds3 would be time-consuming and 
expensive, and mitigation measures would likely be required. The activities may, ultimately, not 
be permitted. The risk of failure to obtain a permit coupled with the costs were judged too high 
to justify pursuing these options. 
Two herbicides, 2, 4 – D and complexed copper were rejected because of the potential 
impacts to fish and wildlife. 2, 4 – D is toxic to benthic organisms and in a softwater lake, 
complexed copper is toxic to fish. There are other herbicides that can be used to effectively 
control the weeds in the lake with little or no impacts to fish and wildlife. The third rejected 
herbicide, triclopyr, was not selected for use due to its cost. It is six times more expensive than 
glyphosate, and can only be used on purple loosestrife and fragrant waterlilies. 
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Integrated Treatment Recommendation for Smith Lake 
The recommended weed management measures for Smith Lake include a combination of 
small scale and large scale control strategies. The small scale strategy focuses on implementing 
techniques that are effective around docks and small waterfront areas using hand removal, 
cutting, bottom barriers, sediment agitation and dredging. The large scale strategy uses a 
harvester to maintain boating access in the lake to open-water areas until permits can be obtained 
for herbicide application. Preventing the introduction of new invasive aquatic plants is a key 
element of the management plan. Activities for preventing new introductions, small and large 
scale management strategies, and estimated costs are discussed below and summarized in Table 
9. 
 
Table 9. Recommended strategy for aquatic weed control in Smith Lake. 
Prevention Small Scale/Individual Actions Large Scale Methods 
• Benthic barriers 
• Hand removal 
• Cutting 
• Sediment agitation 
• Small scale sediment removal 
• Harvesting Monitoring 
New Introductions 
• Annual: boat ramp 
• Biannual: whole lake 
Water Quality 
• Annual twice per year 
Education 
• Brochure 
• Signs 
Rapid Response Plan 
Potential Future: 
• Herbicides 
o Endothall/Diquat 
o Glyphosate/Triclopyr 
Potential Future: 
• Herbicides 
o Fluridone 
o Glyphosate
/Triclopyr 
 
Recommended methods, Costs, and Potential Funding 
Prevention 
Preventing the introduction of new invasive aquatic plant species to Smith Lake is a key 
component of the integrated management plan. The time and effort put forth to control the 
current invasive aquatic weeds in the lake would be of no value if a new invasive aquatic plant, 
such as Eurasian watermilfoil (Myriophyllum spicatum) were introduced to the lake. Prevention 
typically includes education, monitoring, and rapid response planning to minimize the risk of 
introduction of an invasive aquatic plant species via boat trailers, fishing gear, and intentional 
introduction. 
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Education 
Boats launched in Smith Lake following use in other weed-infested water bodies may 
introduce new invasive plants to the lake. A sign instructing boaters to clean their boat and trailer 
prior to launch and upon leaving Smith Lake should be installed at the boat ramp (Table 10). The 
brochure should be distributed to all residences around the lake. In addition, information about 
the project and invasive aquatic plants in Clatsop Plains lakes should be placed on the websites 
of the Skipanon Watershed Council and the Clatsop Soil and Water Conservation District. 
 
Monitoring 
Monitoring is vital to preventing the introduction of invasive aquatic plants not currently 
present in the lake. Consistent monitoring will facilitate rapid response to the presence of new 
invasive aquatic plants, thereby reducing their impacts to the lake. Monitoring provides 
information needed to assess the effectiveness of eh different management strategies that have 
been implemented. A monitoring plan is required for early detection of new invasions and to 
track changes in the abundance and distribution of the aquatic plants in Smith Lake over time. 
Detailed surveys of aquatic plants in the lake using a sampling scheme similar to the one 
employed in this study should be done every two years between June and August. This will 
allow managers to detect significant changes in the cover and abundance of aquatic plants in the 
lake. Large scale treatment may noticeably alter the plant population of the lake, because of 
differential response of plants to harvesting. Fragrant waterlily is more susceptible to harvesting 
than Brazilian elodea or fanwort, which may allow Brazilian elodea or fanwort to grow back 
more quickly and lead to a dominance of these plants in harvested areas over time. Therefore, 
consistent monitoring of the plant community is necessary. Regular aquatic plant monitoring 
would also reveal any changes in the abundance and distribution of the fragrant waterlilies, 
fanwort, Brazilian elodea, and the native plant community over time. PSU staff, who are 
knowledgeable with aquatic plant survey methods, could conduct these surveys (Table 10). 
Periodic surveys of the boat ramp where new plants are likely to be introduced should also be 
conducted. Landowners could conduct these surveys following training by PSU staff in 
identification of the plants currently in Smith Lake and the most likely new invaders (Table 10).  
Consistent water quality monitoring is recommended so that changes resulting from 
management activities can be documented (Table 10). Smith Lake is nutrient rich, and the rooted 
aquatic plants may provide some limitation on algae abundance (see Surface Water Quality in 
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Clatsop Plains Lakes Vegetation and Water Quality Management; Sytsma and Petersen, 2004). 
Management that reduces the amount of plants in the lake may allow proliferation of algae. A 
long-term record of lake water quality would allow the separation of relatively short-term annual 
variation from the effects caused by management activities. This information would allow 
managers to adapt their management strategy to minimize aquatic weed management impacts on 
lake water quality. 
 
Response Plan 
Rapid response to new invaders is contingent upon regular surveys and early detection. 
Development of a rapid response plan for new aquatic weeds is critical to effective management 
and preservation of lake resources. A rapid response plan identifies the most likely pathways of 
introduction into the lake and the species most likely to be introduced. It also outlines the steps to 
manage the introduction of a new aquatic plant species. A response plan for new aquatic plant 
introductions should be developed (Table 10). Eradication of new invaders is possible when 
management efforts are implemented at the beginning of the infestation (Rejmanek and Pitcairn, 
2002). The response plan should include pre-approval of appropriate eradication methods, 
including use of herbicides. The response plan should also focus on development and pre-
approval of permits necessary for management of those species most likely to be introduced to 
the lake, such as Eurasian watermilfoil. 
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Table 10. Implementation, potential funding and estimated cost information for recommended prevention 
alternatives at Smith Lake. 
Prevention Method Implementation Potential Funding Estimated Cost Comments 
Education     
Sign CLR/PSU Smith Lake Improvement Smith Lake Improvement 
$1,000 
$50/yr 
maintenance 
Cost for design, creation 
& installation of one sign 
Brochure CLR/PSU Smith Lake Improvement Smith Lake Improvement $1,000 Cost for design & printing 
Monitoring     
New Invasions     
Boat Ramp CLR/PSU Smith Lake Improvement Smith Lake Improvement $500 
Cost for CLR staff to train 
landowners 
Whole Lake CLR/PSU Clatsop County Parks Smith Lake Improvement $3,000 
Assumes 0.49 FTE grad 
student + travel 
Water Quality     
Annual 
Smith Lake Improvement 
CLR/PSU 
DEQ 
Smith Lake Improvement 
DEQ $5,000 
Assumes 0.49 FTE grad 
student, travel and lab 
analysis 
Rapid Response     
Response Plan CLR/PSU Smith Lake Improvement Smith Lake Improvement. 
$15,000 - 
$30,000 
Assumes 0.49 FTE grad 
student 
 
Small scale/individual control methods 
Small scale or individual methods are weed control options that are best used in smaller 
areas where high intensity control is needed. Small scale or individual control methods include: 
benthic barriers, hand removal, cutting, sediment agitation and small scale sediment removal for 
submersed weed control and hand removal for emergent weed control. They are limited in scope 
by high cost per unit area, intensity or effort required. Individuals can use these methods to 
control both submersed and emergent aquatic weeds in front of homes and around personal 
docks to create areas for swimming, wading and boating. These methods are used throughout the 
growing season. The in-water work window for north coastal lakes is October 1st through 
February 15th. Residents will need to seek an extension from ODFW of this work window to 
utilize these methods during the growing season. All of these methods also require a permit from 
Clatsop County prior to beginning control.  
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Submersed Weed Control 
Benthic barriers can provide season long control and can be constructed and installed by 
the homeowner or by a contractor. If installation is done later in the year plants should be cut 
prior to installation. The barriers will require regular maintenance to prevent clogging of the 
screen by sediment and detritus, which limit the release of gases produced from decomposing 
plants and rhizomes. Gasses will cause the barriers to balloon so the barriers should be checked 
regularly (Table 11). Plants may begin to grow on top of the barriers if a sediment layer 
develops. Barriers should be removed at least once a year for repairs and maintenance. Some 
residents have experienced difficulty in attaching barriers to the bottom through the thick 
rhizomes of fragrant waterlily (WDOE, 2004). Mounting barriers on frames of PVC pipe filled 
with sand or small gravel may facilitate installation and removal. Costs are comparable for PVC 
or wood frames. The cost of barrier material varies by type, however a geotextile fabric is 
recommended. 
Hand cutting and hand raking can be used around docks and in areas that a harvester 
cannot access. Hand cutting would work best for fragrant waterlilies since their stems are thick 
and tough and cutting would be easier than raking. Regular cutting of new leaves over two to 
three seasons may lead to rhizome death and eradication of waterlilies within the treatment area 
(WDOE, 2003). Dead rhizomes and attached sediment may float to the surface in a mat. Plant 
fragments and rhizome mats should be removed and disposed for aesthetic, ecological and safety 
reasons. The decomposing plant material may lead to unsightly and odorous shoreline conditions 
and decreased dissolved oxygen concentrations. The mats also present a safety risk to swimmers 
and boaters. Raking would work best for Brazilian elodea, fanwort and any problematic native 
plants because raking will easily remove these plants. Cutting or raking will need to be done 
regularly to maintain clear areas, as the plants may grow back quickly. Since some roots may be 
removed by raking, it may have some long-term effect. Hand cutting and raking are inexpensive 
methods that can easily be done by individual landowners (Table 11). Fragments of Brazilian 
elodea and fanwort left in the lake could lead to the spread of these plants to the open areas 
created by the removal of fragrant waterlily, and should be removed and disposed of upland. 
Battery-powered or boat-mounted cutters are a high intensity method that could be used 
around docks and in front of homes to create weed-free areas for swimming and recreation. Boat-
mounted cutters can be used to clear areas more quickly than is possible with hand cutting and 
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raking. Boat-mounted cutters can be used in deeper water or when the lake bottom presents a 
safety hazard. A battery-powered or boat-mounted cutter could be purchased by Smith Lake 
Improvement Inc. and operated by a volunteer or rented out to homeowners for a small fee 
during the growing season. As noted above, plants may regrow rapidly and frequent cutting (two 
to three times per year) will be required for acceptable control. 
Sediment agitation devices can provide high intensity control around docks and other 
floating structures (Table 11). These electrical powered, mechanical devices use a roller on the 
sediment surface or rakes or chains to regularly drag and break plants, which eventually causes 
their death. They are a recent innovation, and long-term efficacy and durability are unknown. 
The devices can be installed by the landowner, and periodically relocated to increase cost 
effectiveness. Weed rollers cannot be used where the bottom is uneven or where there are rocks 
or submersed obstacles. Devices that use rakes and chains may be ineffective on the tough, thick 
stems of fragrant waterlily. Although manufacturers have not mentioned fragmentation of plants 
as a problem, fragments produced by the devices may need to be removed from the water for 
aesthetic reasons. Maintenance should be minimal if the lake bottom is clear of obstructions. 
Individual dredging or small scale sediment removal is also an option for weed control. 
Landowners could individually hire a contractor with a backhoe to remove sediments and plants 
from small areas around their docks and in front of their homes. This would deepen these areas 
and create open areas for recreation (Table 11). The area that could be cleared depends on the 
depth the landowner prefers, however sediment removal should be performed to a depth of at 
least 2.5 meters to effectively limit the growth of the fragrant waterlilies, fanwort and Brazilian 
elodea via limitation of light availability. Based on the water depth at each homeowner’s dock, 
the area that can be cleared without exceeding DSL’s 50 yd3 limit will vary. Landowners should 
measure the water depth and conduct careful area and volume calculations prior to sediment 
removal. This method can be completed during the recommended in-water work window of 
October 1st through February 15th, negating the need for an exception for this method. 
 
 
Emergent Weed Control 
Knowledge of the location and extent of yellow flag iris and purple loosestrife around the 
lake is limited. Locating the populations of purple loosestrife and yellow flag iris should be the 
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first step in control and eradication of these plants. Once the location of the emergent weeds is 
known, they can be controlled using hand removal methods. 
As with all invasive aquatic plants, the key to successful, cost-effective control is to begin 
efforts while populations are still small and manageable (Tu, 2003). The best control of purple 
loosestrife and yellow flag iris can be achieved using a combination of control methods. It is 
critical that any control effort be conducted for several years since the initial control effort may 
miss some plants, some plants may survive treatment and, new seedlings may sprout from the 
seed bank (Bender and Rendall, 2001). 
Hand digging and pulling of small clumps of purple loosestrife and yellow flag iris 
around the lake can be effective. If hand digging is not feasible, clipping of flower heads before 
plants set seed can be effective in slowing the spread of seeds. Seed pods of yellow flag iris can 
also be clipped. Plants can be flagged when in bloom for easy identification. Flowers and any 
seed pods should be removed and then flagged plants can be dug up in the fall prior to dieback, 
when the ground is softer and digging and pulling are easier. All plant fragments including 
stems, roots and rhizomes should be bagged and disposed of properly. Plant fragments should 
not be composted because any fragments, flowers or seeds may lead to the spread of these plants. 
Purple loosestrife will re-root from the smallest rhizome fragments and broken stems. Yellow 
flag iris can easily propagate from small rhizome fragments. 
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Table 11. Implementation, potential funding and estimated costs for small scale/ individual methods for weed control Smith Lake. 
Small scale/Individual Methods Implementation Potential Funding Estimated Cost Comments 
Benthic Barriers     
Application Prep: $0 SLII fills out application Clatsop County Permit Smith Lake Improvement Inc (SLII) Clatsop Community Development Dept. SLII Review: up to $881a Cost for County to review 
Materials & maintenance Smith Lake Improvement Individual Landowners 
Individual 
Landowners 
$750 – 1,250 
$150/ yr maintenance 
Cost for materials for one 500 ft2 area; does not include 
costs for construction/installation time 
Hand Removal     
Application Prep: $0 SLII fills out application 
Clatsop County Permit Smith Lake Improvement Clatsop Community Development Dept. SLII Review: $up to 881 a Cost for County review 
Cutting Smith Lake Improvement Individual Landowners 
Individual 
Landowners 
$120 – 180  
(individual cost) 
Cost for cutter only, does not include costs for time 
required to cut plants 
Raking Smith Lake Improvement Individual Landowners 
Individual 
Landowners 
$50 - $170 
(individual cost) 
Cost for rake only, does not include costs for time required 
for raking 
Clipping/digging of purple 
loosestrife and yellow flag iris 
Smith Lake Improvement 
Individual Landowners 
Individual 
Landowners $50 - $150 Cost includes equipment, time & disposal 
Cutting     
Application Prep: $0 SLII fills out application 
Clatsop County Permit Smith Lake Improvement SLII. Review: up to $881 a Cost for County review 
Battery powered cutter Smith Lake Improvement Individual Landowners 
Individual 
Landowners $2,000 
Cost for cutter only, does not include costs for time 
required for cutting 
Boat mounted cutter Smith Lake Improvement Individual Landowners 
Individual 
Landowners $1,500 - $1,800 Cost for cutter only, does not include costs for time or gas 
Sediment Agitation     
Application Prep: $0a SLII fills out application Clatsop County Permit Smith Lake Improvement Clatsop Community Development Dept. SLII Review: up to $881a Cost for County review 
Weed Roller or lake rakes Smith Lake Improvement Individual Landowners 
Individual 
Landowners 
$2,000 - $3,000; $200/yr 
electricity & maintenance 
Cost for machine electricity & maintenance, doesn’t include 
installation or site prep 
Weed chains Smith Lake Improvement Individual Landowners 
Individual 
Landowners 
$1,300; $200/yr 
electricity & maintenance 
Cost for machine electricity & maintenance, doesn’t include 
installation or site prep 
Small Scale Sediment Removal     
Application Prep: $0a SLII fills out application Clatsop County Permit Smith Lake Improvement Clatsop Community Development Dept. SLII Review: up to $881a Cost for County Review 
Sediment Removal Individual Landowners Private Contractor 
Individual 
Landowners $1,300 – $1,400 
Assumes easy access to lake: $100 - $120/hr backhoe (6 
hrs); $150 site mobilization, Disposal = $4/yd3 (50 yds3) + 
$65 truck fee per load (5 loads) (Sarin, 2004) 
a Price of review varies depending on type of permit required
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Large scale control method 
Harvesting is the recommended method to control aquatic weeds over a large area. This 
method would be difficult to implement in Smith Lake due to limited the limited access provided 
by the current boat ramp. The small, simple structure of the boat ramp limits the launching of 
large watercraft. There are two options to solve this problem, improve the existing boat ramp; or 
pay a crane to come and lift the harvester in and out of the lake. The second option costs about 
$1,200 per lift. Harvesting should be done at least two or three times per season, so the costs for 
the crane alone would be between $4,800 and $7,200 per season. This does not include the actual 
cost of the treatment, disposal or the additional cost of the required permit from Clatsop County. 
Improving the boat ramp by modifying the grade and adding gravel would cost between 
$2,000 and $3,000 (Table 12). A permit will be required from Clatsop County, and permits from 
DSL and the USACE may be required if more than 50 yds3 of sediment is altered during 
construction. The boat ramp and associated lot is a county park, owned and managed by Clatsop 
County. Either the County or Smith Lake Improvement will need to apply for the grant. The 
county may require that it be the project proponent or it may just write a letter for landowners 
approving the project. Smith Lake Improvement Inc. will need to work closely with the county 
on this project and contact them prior to beginning the application process. 
Improving the existing boat ramp will allow access for a large machine such as a 
harvester, watercraft for monitoring activities, and in the future, watercraft for herbicide 
applications. Improving the boat ramp, along with the reduction of cover by the aquatic weeds, 
may encourage more users. Landowners around the lake can petition the Oregon State Marine 
Board to limit the lake to non-motorized boating if that becomes an issue. 
ODFW has funds for sport fish restoration and enhancement including boat ramp 
improvement through their Restoration and Enhancement (R&E) Program, provided the 
improvement enhances fish habitat and fishing access. An application requesting funds for the 
project would need to be sent to the ODFW assistant district biologist for approval before funds 
could be awarded. The application deadline for consideration by the R&E Board in 2004 is July 
30th. The applications will be considered at the September 24th meeting and recommended 
projects will be presented to the Fish and Wildlife Commission on November 12th. If the project 
is approved, the funds will be available at the end of November. Future application dates can be 
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obtained by contacting the R&E Program Assistant (contact information in Appendix A-4). A 
copy of the current application for R&E Program funds is available in Appendix A-6. 
Harvesting would provide a short term, large scale management option that would create 
open areas of water for boating and fishing while a permit is being developed for a herbicide 
treatment. Harvesting of about five to ten acres would provide boat lanes, and open areas for 
other recreational activities. Harvesting should be done two to three times per year for adequate 
control: late spring/early summer, mid/late summer and mid/late fall, depending on how fast the 
fragrant waterlilies, fanwort and Brazilian elodea regrow (Table 12). Harvesting in late summer 
or early fall will limit the amount of vegetation that will settle on the lake bottom. It may also 
limit the amount of carbohydrates that the fragrant waterlilies store in their rhizomes, potentially 
limiting their growth the following year. 
An area of 6.5 acres is recommended for annual harvesting for the first two years. This 
area was selected based on aerial photographs of the locations of the fragrant waterlily weed 
beds in conjunction with the 2003 plant sampling results for Smith Lake and to facilitate boat 
mobility while limiting cost (Figure 8). It is recommended to harvest this area for two years to 
examine the results of harvesting on the fragrant waterlilies along with the other plant species in 
the lake. As mentioned earlier, repeated harvesting of fragrant waterlily may lead to the death of 
the rhizome and eradication of the plants from the treatment areas. The mats of decomposing 
rhizomes and sediment will need to be removed. Harvesting creates fragments and not all of the 
fragments may be collected. Fragments of fanwort and Brazilian elodea could lead to the spread 
of the plants to other parts of the lake. However, harvesting is the best option to control fragrant 
waterlilies, the most abundant invasive weed in the lake. Other options such as herbicides could 
be used in the future to control Brazilian elodea and fanwort. 
Residents may want to increase the area harvested in the future for greater control of 
fragrant waterlily. Any increase in harvesting area should be done systematically, while 
monitoring for changes in the algae and plant populations. Harvesting an excessive amount of 
vegetation may lead to a shift in stable states, from the clear plant dominated state that currently 
exists, to a turbid, algae dominated state, described previously (Scheffer, 1998). It is not known 
exactly how much vegetation can be safely removed before a shift in stable state occurs. 
Harvesting five to ten acres, coupled with the small scale and individual treatments is unlikely to 
create problems. 
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Figure 8. Recommended areas for harvest in Smith Lake, equal to a total of 6.5 acres. 
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Table 12. Implementation, potential funding and estimated costs for large scale weed control in Smith Lake. 
Large scale Methods Implementation Potential Funding Estimated Cost Comments 
Boat Ramp     
Application Prep: $0 Cost for SLII to fill out 
DSL Permit 
Smith Lake Improvement 
DSL (in consultation w/ 
ODFW & USFWS) 
Smith Lake Improvement 
Review: $50 – 600a Cost for County to review 
Application Prep: $0 Same application as DSL permit USACE Permit 
Smith Lake Improvement  
USACE (in consultation w/ 
ODFW & USFWS) 
Smith Lake Improvement 
Review: $0 – 100a Cost for County to review 
Application Prep: $0 Cost for SLII to fill out Clatsop County 
Permit 
Smith Lake Improvement 
Clatsop Community 
Development  
Smith Lake Improvement 
Review: up to $881a Cost for County to review 
Construction 
Smith Lake Improvement 
ODFW 
Private Contractor 
ODFW: Sportfish Restoration and 
Enhancement Program Funds $2,000 - $3,000 
Based on quote from ODFW 
official (Michimoto, 2004) 
Harvesting     
Application Prep: $0 Cost for SLII to fill out application Clatsop County Permit 
Smith Lake Improvement 
Clatsop Community 
Development  
Smith Lake Improvement 
Review: up to $881a Cost for County to review 
Harvesting Smith Lake Improvement Private Contractor 
Smith Lake Improvement 
Clatsop County 
Skipanon Watershed Council b 
Clatsop Soil & Water Conservation District b 
$35,100 - $39,000 
Based on range of $1,800 to 
$2,000 per acre for 6.5 
acres, 3 times per season 
Disposal Smith Lake Improvement Private Contractor 
Smith Lake Improvement 
Skipanon Watershed Council b 
Clatsop Soil & Water Conservation District b 
$7,200 for dry 
material 
Disposal to local landfill at 
$70 per ton; average 
biomass of 5.26 dry 
tons/acre (Wetzel, 2001) of 
6.5 acres harvested, 3 times 
per season 
a Cost varies based on type of permit required 
b These organizations can assist with locating and obtaining grant funds for weed management
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Herbicide Permit Development 
According to the U.S. Ninth Circuit Court of Appeals, an NPDES permit is required for 
application of aquatic herbicides. It is not likely that DEQ will issue any NPDES permits for 
aquatic pesticides in the immediate future because of cost and staff shortages. It is reasonable to 
assume that NPDES permitting issues within the state will eventually be resolved, but when is 
unknown when this will be. In lieu of an NPDES permit, DEQ has issued MAO's instead. 
Obtaining an MAO could require several months; therefore, MAO development should begin as 
early as possible to allow implementation of the long-term strategy (Table 13). An MAO is not 
an NPDES permit, does not protect against third party lawsuits, however, it does demonstrate 
due diligence on the part of the project proponent. 
Obtaining an MAO would provide Smith Lake Improvement Inc. with an additional 
method to control the invasive aquatic plants in the lake. Developing an MAO and having it 
reviewed and approved by DEQ could take six months or more, therefore MAO development 
should begin as soon as possible. 
Only one other lake organization, Oswego Lake Corporation, has developed and 
currently sues an MAO in lieu of an NPDES permit for herbicide application. They retained legal 
counsel at significant cost, in addition to the $10,000 fee for DEQ review of the MAO. Although 
it may be feasible to utilize the Oswego Lake MAO as a framework for an MAO for Smith Lake, 
thereby reducing development costs. However, it will still be expensive to develop such a 
document for Smith Lake, since it is recommended that legal counsel be retained due to the 
complicated issues revolving around herbicide application in Oregon. 
 
Table 13. Implementation, potential funding and estimated cost of herbicide permit development for Smith 
Lake. 
Permit Development Implementation Potential Funding Estimated Cost Comments 
Permit Development: 
$50,000 -$75,000 
Based on cost of 
Oswego Lake 
MAO DEQ Permit 
Smith Lake Improvement 
DEQ (in consultation w/ ODFW 
& USFWS) 
Smith Lake 
Improvement 
Review: $10,000 DEQ review cost 
Application Prep: $0 Cost for SLII to fill out application Clatsop County 
Permit 
Smith Lake Improvement 
Clatsop Community 
Development (in consultation 
w/ DEQ, ODFW & USFWS) 
Smith Lake 
Improvement Review: up to$863a County review cost  
a Cost varies depending on type of permit required 
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Herbicide Application 
Residents of Smith Lake may opt not to develop an MAO for herbicide application. 
Herbicide application is feasible without a permit, but as mentioned previously, there is the risk 
of third party lawsuits. Even if an MAO is not developed, permits may be developed in the future 
that Smith Lake Improvement Inc. could apply for, that would protect against a third party 
lawsuit. In either case, herbicides in Smith Lake could be utilized in two different ways in Smith 
Lake, small scale treatments to control emergent and submersed vegetation and large scale 
treatments to control submersed vegetation in the lake. 
 
Small Scale 
Small scale treatments of herbicides could be used to control emergent, submersed and 
floating vegetation. The invasive emergent vegetation around the lake, purple loosestrife and 
yellow flag iris, could be controlled with selective treatments of glyphosate. Purple loosestrife 
stems can be cut to six inches and glyphosate dripped on the freshly cut stems. Glyphosate can 
be applied to yellow flag iris leaves with a dripless wick applicator. Yellow flag iris plants can 
also be cut and then sprayed with glyphosate. Foliar applications of glyphosate can be sprayed on 
both plants. Overspray should be minimized to decrease the impact to neighboring native plants. 
Continued control may be required as plants regrow. 
Submersed and floating vegetation can be controlled using several herbicides. Glyphosate 
could be used to control fragrant waterlilies around docks and in front of homes. This herbicide 
should be applied to the plants emergent surfaces several times per year. Continued control may 
be required as plants continue to grow from the seed bank in the sediments. As mentioned 
previously, upon death of the plant, the rhizomes will fill with gas and float to the surface, 
forming mats that should be removed. Endothall and diquat are contact herbicides that could be 
used to control Brazilian elodea and fanwort in front of homes and around docks. Endothall is 
considered to be less than effective against Brazilian elodea (AERF, 2003), but provides 
excellent control of fanwort (Westerdahl and Getsinger, 1988). Because they are contact 
herbicides, they will effect all aquatic vegetation they encounter. Concentration and contact time 
determine efficacy, and should take into consideration the other plants present within the 
treatment area. 
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Large Scale 
Over the entire lake, two herbicides will be needed to effectively control the submersed 
vegetation, fanwort and Brazilian elodea, and the floating fragrant waterlilies. Over a larger 
scale, the herbicide fluridone could be used to control the submersed plants Brazilian elodea and 
fanwort. Fluridone can be applied at lower concentrations than other herbicides and effectively 
control nuisance vegetation while having only a limited impact on native vegetation. Contact 
herbicides such as diquat could be used for a whole lake treatment. However, since these are 
contact herbicides, they do not kill roots or other underground structures. It is more cost effective 
to apply a systemic herbicide such as fluridone that will kill the entire plant. Repeat treatment of 
fluridone may be required to maintain the target concentration in the lake. 
Glyphosate could be used to control fragrant waterlilies over the entire lake. A whole 
lake treatment would involve spraying large sections of the fragrant waterlily beds with the 
herbicides several times during the season to control their growth as the plants reach the waters 
surface (Table 14). These treatments would need to be conducted for several years to continue to 
control the aquatic plants that would grow from the seed bank in the sediment. As mentioned 
previously, upon death of the plant, the rhizomes will fill with gas and float to the surface, 
forming mats that should be removed for ecological, aesthetic and safety reasons. 
 
Table 14. Implementation, potential funding and estimated cost for herbicide application for large scale weed 
control in Smith Lake. 
Herbicide 
Application Implementation 
Potential 
Funding 
Estimated 
Cost Comments 
Herbicide     
Fluridone 
Smith Lake 
Improvement 
Private Contractor 
Smith Lake 
Improvement 
$30,000 - 
$43,000 
$500-$750/acre applicator timea; requires 
4 40lb. buckets of chemical @ 
$800/bucket; $340 for WQ testsb 
Glyphosate 
Smith Lake 
Improvement 
Private Contractor 
Smith Lake 
Improvement 
$32,160 - 
$47,160 
$500-$750/acre applicator timea; $36/acre 
for chemical (shelf price) to treat 30 acres 
two times during the growing season 
a Perry,2004. 
b Shuler, 2004. 
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Implementation and Evaluation 
Implementation of this plan and the recommended weed control efforts will require 
management. The first step should be to create a committee to initiate the recommended 
management strategies. This committee should include members of Smith Lake Improvement 
Inc., Clatsop County Parks, Skipanon Watershed Council, CLR, and DEQ. This committee can 
assist in developing funding strategies and identifying additional funding sources such as grants 
or loans from public agencies. The implementation of the IAVMP for Smith Lake should follow 
the timeline below as closely as possible (Table 15). Timing is important in the implementation 
of the plan. Rules and regulations require permits for many of the recommended treatment 
methods. The Implementation Committee, Smith Lake Improvement Inc. and landowners will 
need to obtain these permits prior to the start of any control efforts. 
The first thing Smith Improvement Inc. should do is obtain a conditional use permit from 
Clatsop County for all the weed control efforts. Concurrently, Smith Lake Improvement Inc. 
should contact ODFW to acquire an extension of the in-water work window. By applying for the 
permit and extension as soon as possible, individual landowners can begin weed control efforts 
such as hand removal, cutting, benthic barriers, small scale sediment removal and sediment 
agitation devices. The required permit and extension will be in place for the following year, 
allowing control efforts to begin earlier in 2005. These individual actions can control weeds 
around docks and in front of homes during the 2005 growing season (Table 15). 
Smith Lake Improvement Inc. should begin the application process for funds from 
ODFW for the boat ramp improvement before end of the July 2004. The application is due to 
ODFW for review on July 30th and will be considered at the September 25th meeting of the 
Restoration and Enhancement Commission. If the project is approved at this level, it will be 
recommended to the ODFW Commission for consideration at the November 12th meeting. If the 
ODFW Commission approves the project, funds will be available at the end of November. Smith 
Lake Improvement should apply concurrently for a removal-fill permit from DSL and the 
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USACE for boat ramp improvement project. Depending on approval for this permit, project may 
begin as early as January 2005. Construction of the new, improved boat ramp will allow 
harvesting to begin control in the 2005 growing season (Table 15). If Smith Lake Improvement 
Inc. intends to seek funds for harvesting, this should be conducted concurrent with the boat ramp 
improvement process. 
Once harvesting has begun, it will be important to monitor the water quality for any 
increases in algae growth. Smith Lake Improvement Inc. should work with the Skipanon 
Watershed Council and DEQ to create a monitoring plan that will sample the water at least twice 
during the summer. This will reveal any short-term changes in water quality caused by 
management activities and over time will provide a long-term record of lake water quality. This 
information would allow managers to adapt their management strategy to minimize aquatic weed 
management impacts on lake water quality. Regular aquatic plant monitoring would also reveal 
any changes in the abundance and distribution of the fragrant waterlilies, fanwort, Brazilian 
elodea, and the native plant community over time from management activities (Table 15). 
Smith Lake Improvement may want to begin developing an MAO for herbicide 
application, if permit issues have not been resolved by that time. Using the Oswego Lake MAO 
as a guideline, it may take three months or more to develop an MAO for Smith Lake. Review 
and approval of the MAO by DEQ could take six months or longer, because of the current 
backlog of permits. For this reason, it is not known when herbicide application for emergent, 
floating and submersed weed control could begin. Development of the MAO may cost between 
$50,000 and $75,000, based on the cost for development of the MAO for Oswego Lake (Table 
16). 
The education and rapid response plans outlined here should be fully developed and 
implemented in 2005, focusing on signage at the boat ramp and knowledge of lake users and 
landowners around the lake. Once large scale treatment has begun, it will be important to prevent 
the introduction of new invaders to the lake through prevention. 
Overall the plan should be flexible and adaptive to any changes in the lake and any other 
factors, such as changes in federal, state or local policies, laws, or permit requirements. At each 
step, the management plan and its effectiveness in achieving the management goals for the lake 
should be evaluated. The plan should be altered based on any discoveries of more appropriate 
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methods or based on any changes in the plant population or in the lake or a shift in the lake to a 
turbid, algae dominated state.
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Table 15. Suggested approximate timeline for first two years of implementation of recommended weed control activities in Smith Lake. 
 2004 2005 
Activity Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Create IAVMP Implementation Committee X                  
Clatsop County Permit for weed removal X                  
ODFW Extension on in-water work window X                  
Individual Actions                   
Hand Removal  X X      X X X X X X X    
Cutting  X X      X X X X X X X    
Benthic Barriers                   
Placement  X        X         
Maintenance   X        X X X X     
Removal    X           X    
Sediment Agitation Devices                   
Placement  X        X X        
Operation & Maintenance  X         X X X X     
Removal   X            X    
Large Scale Treatment                   
Boat Ramp Improvement                   
Application due to ODFW X                  
Application considered by ODFW   X                
Recommended Projects Considered     X              
Funds available if approved      X             
DSL/Army Corps permit (if required)     X X             
Construction      X X            
Harvesting           X  X  X    
Implement Annual Water Quality Monitoring           X    X    
Implement Plant Community Monitoring                    
Herbicides                   
MAO Development       X X X          
MAO Review          X X X X X X X X X 
Prevention                   
Create brochure and sign for boat ramp       X X           
Implement prevention monitoring plan           X    X    
Create Rapid Response Plan       X X X          
Implement Rapid Response Plan          X         
acontact DEQ regarding updated turbidity standards and any permit requirements prior to starting 
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Table 16. Estimated costs of implementing the recommended activities for managing aquatic weeds in Smith Lake. Values represent an average of the 
costs listed above and include all costs for that method listed in the recommendation section above. 
Activity Implementing Entity 2004 2005 2006 2007 -  
Create IAVMP Implementation Committee SLII $0 $0 $0 $0 
Obtain Clatsop County Permit for all weed control methods SLII $881 $0 $881 $0 
Small scale sediment removal Individual Landowners $1,350 $0 $0 $1,350 
Bottom barriers Individual Landowners $1,000 $150 $150 $150 
Hand removal techniques Individual Landowners $150 $50 $50 $50 
Cutting techniques Individual Landowners $1,750 $250 $250 $250 
Sediment agitation  devices Individual Landowners $2,150 $200 $200 $200 
Implement  education plan SLII $0 $2,000 $50 $50 
Implement new invasion monitoring plan SLII $0 $500 $3,500 $500 
Implement annual water quality monitoring plan SLII $0 $5,000 $5,000 $5,000 
Create and implement rapid response plan SLII $0 $22,500 $0 $0 
Development of MAO for herbicide application  SLII $0 $50,000 $0 $0 
MAO review by DEQ DEQ $0 $10,000 $0 $0 
Application for boat ramp improvement SLII $0 $0 $0 $0 
DSL and Army Corps Permits for boat ramp SLII $0 $425 $0 $0 
Construction of improved boat ramp SLII $0 $2,500 $0 $0 
Large Scale Treatment: Harvesting or Herbicides SLII $0 $60,000 $60,000 $60,000 
Total Cost   $7,281 $153,575 $70,081 $67,550 
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Introduction 
This integrated aquatic vegetation management plan (IAVMP) was developed as 
part of a study of four lakes in the Clatsop Plains on the north coast of Oregon. The study 
included groundwater chemistry analysis and flow characterization, surface water quality 
and watershed characterization for each of the lakes. This study was conducted due to the 
listing of three of the lakes, Cullaby, Sunset and Smith, on the Oregon Department of 
Environmental Quality’s (DEQ) 303-d list for impaired water quality. The lakes were 
listed for abundant growth of invasive, non-native, aquatic plants, which interfere with 
the beneficial uses of the lakes, such as boating, swimming, fishing and aesthetics. 
Therefore, aquatic vegetation management plans were a critical element of the overall 
project. 
Plans were prepared for all four lakes according to the methods described in A 
Guide for Development of Integrated Aquatic Vegetation Management Plans in Oregon, 
by Gibbons et al (1999). Prevention through education, monitoring and rapid response 
planning is the key element in the management plan for the lake. Coffenbury Lake is the 
only lake in the study not on the 303-d list. It was selected as a control lake since it is 
located within a state park, and was presumed to be relatively undisturbed by human 
development. Preventing the introduction of invasive, non-native, aquatic plants will be 
important in maintain the lake ecosystem in its current state. 
Results of the groundwater and surface water sampling and of the report for the 
entire study can be found in Clatsop Lakes Vegetation and Water Quality Management 
(Sytsma and Petersen, 2004) which is available from DEQ or the Center for Lakes and 
Reservoirs (CLR) at Portland State University. 
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Problem Statement  
The proximity of Coffenbury Lake to other coastal lakes and the Columbia River, 
which contain invasive, non-native, aquatic plant species, presents a potential risk for 
these species to be introduced to Coffenbury. Other shallow coastal lakes in the Clatsop 
Plains contain non-native invasive species such as fanwort (Cabomba caroliniana), 
Brazilian elodea (Egeria densa), and fragrant waterlily (Nymphaea odorata). The 
proximity of the lake to the Columbia River also presents a concern.  Boaters who fish 
for salmon in the estuary use Coffenbury Lake as a place to flush the saltwater from their 
motors. Invasive species, such as Eurasian water milfoil (Myriophyllum spicatum), 
present in the Columbia, could be introduced to Coffenbury Lake by boats and trailers 
when they are put into the lake for boat motor flushing or recreation. The introduction of 
other invasive, non-native species could pose a threat to the ecology of the lake and 
interfere with important beneficial uses, such as swimming, fishing and boating. 
 
Management Goals 
Management goals define achievements for the lake, and assist in the selection of 
the best methods to manage the lake. They should be flexible, adaptive, reasonable and 
realistic. The overall management goal for Coffenbury Lake is to maintain the current 
plant community free of invasive, non-native, aquatic plants and manage the lake in such 
a way that native plant and animal communities thrive, maintain acceptable water quality 
conditions and facilitate recreational enjoyment of the lake. 
The management strategy should be flexible and should be adjusted as necessary 
to achieve the overall goal and to reflect any knowledge gained from the results of past 
management activities. This requires routine monitoring to detect changes in the current 
plant community and to detect new invasions. The strategy should also include methods 
to prevent introduction of new weed invaders by informing the public and lake users 
about non-native, invasive weeds, and methods to prevent the accidental and intentional 
introduction of invasive plants. 
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Community Involvement 
Oregon State parks 
The Oregon Parks and Recreation Department (OPRD) and Fort Stevens State 
Park have shown a commitment to natural resource planning and preservation through 
management of invasive species. OPRD is currently working on an IPM Plan for all the 
state parks in the state. Fort Stevens State Park created an Integrated Pest Management 
(IPM) Plan in January 2000, which is currently being implemented. The Fort Stevens 
IPM Plan currently focuses on control of purple loosestrife (Lythrum salicaria) and other 
terrestrial invasive weeds in the park. The Fort Stevens State Park staff work with 
Clatsop County Soil and Water Conservation District to monitor and control purple 
loosestrife, gorse and other terrestrial weeds in the park through physical and chemical 
removal methods (Lines, 2004). The Park has an education program for visitors, which 
includes interpretive programs, brochures, and signs on the history of the park and the 
native flora and fauna. 
In 2001, the CLR collaborated with DEQ to obtain grant funding from the U.S. 
Environmental Protection Agency (EPA) to write IAVMP’s and study the water 
chemistry of Coffenbury Lake and three other lakes in the Clatsop Plains. The project 
began in 2002 and Park staff members have worked with CLR staff on this plan since that 
time, by providing information and assistance. Fort Stevens State Park will incorporate 
this IAVMP into the park’s Park Master Plan. 
 
Steering committee 
A steering committee was formed to assist in the development of the problem 
statement and management goals for the lake and review the management plan. The 
steering committee included the following members: 
• Patrick Lines, Fort Stevens State Park Team Leader 
• Barney Riley, Fort Stevens State Park Manager 
• Mike Stein, Oregon State Parks, Assistant Area Manager 
• Erin Harwood, graduate student, Center for Lakes and Reservoirs, PSU 
• Mark Sytsma, Director, Center for Lakes and Reservoirs, PSU 
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Initial discussion of the project occurred in early 2003 including phone 
conversations with park personnel. Project planning, lake sampling and planning of the 
IAVMP occurred between June and August 2003.  The initial steering committee meeting 
was held on September 16, 2003. At this meeting an overview of the Clatsop Plains 
Lakes Project and detailed information about the results of the plant sampling was 
provided and a draft of the problem statement and management goals were reviewed. 
Management strategies for the lake were discussed, including signs for lake users and 
monitoring for new invasive plant introductions. Tentative plans were also made to 
provide an informal presentation and educational session to the park staff and volunteers 
about the project and invasive plant biology. Presentations on the management plans and 
the whole project were made at Skipanon Watershed Council meetings in February and 
May 2003. Copies of the final management plan, groundwater study, watershed 
characterization and water chemistry study were provided to Oregon State Parks and Fort 
Stevens State Park. 
 
Watershed and Waterbody Characterization 
Introduction 
Coffenbury Lake is located within Fort Stevens State Park, two miles west of 
Warrenton, a half mile from the Pacific Ocean, and just south of the mouth of the 
Columbia River (Figure 1). Coffenbury Lake is a small 53-acre, shallow lake with a 
maximum depth of 3 m (Sytsma and Petersen, 2004). It is a long, narrow, interdunal lake, 
with not inlets or outlets and two small islands in the south end. It is one of the main 
attractions of Fort Stevens State Park and users can access to the lake year round for 
recreation. Fishing and boating are popular activities on and around the lake, and a hiking 
trail runs along the shoreline around the entire lake. Coffenbury Lake has two swimming 
areas, a picnic area, restrooms, and a boat ramp (10 mph boating speed limit). Further 
detail can be found in the Smith Lake Watershed Characterization section of the Clatsop 
Lakes Vegetation and Water Quality Management (Sytsma and Petersen, 2004). 
Coffenbury Lake Integrated Aquatic Vegetation Management Plan 
 5
Columbia River
Pacific Ocean
OregonSeaside
Astoria
Smith Lake
Cullaby Lake
Sunset Lake
Coffenbury Lake
 
Figure 1. Study area, including Coffenbury Lake. 
 
Coffenbury Lake Watershed 
The watershed of Coffenbury Lake consists mainly of evergreen forest and 
scrub/shrub vegetation. The remaining vegetation includes some evergreen and deciduous 
mixed forest and grassland. Wetlands make up 15 percent of the watershed. Most of these 
wetlands are scrub/shrub, but there are also some forested and emergent wetlands. The 
watershed has a low population density of only 28 to 51 people per square mile. Most of 
the watershed is undeveloped, and according to the Coastal Change Analysis Program 
(NOAA, 1993), less than 2 percent of the area 400m from the shoreline has been 
developed to some extent. 
 
Water Quality 
Water quality in Coffenbury Lake was characterized at two sampling sites during 
seven sampling events in 2003. Data collected included temperature, oxygen, water 
clarity, ions, pH, conductivity, nutrients, and algae. There were no significant differences 
between water quality parameters at the two sampling sites. Based on the data, the lake 
Coffenbury Lake Integrated Aquatic Vegetation Management Plan 
 6
can be classified as a warm, polymictic1, well-oxygenated, softwater2 lake with moderate 
color. Phosphorus levels indicate the lake is eutrophic3. A bloom of nitrogen-fixing 
cyanobacteria (also known as blue green algae) suggests that nitrogen may be the limiting 
nutrient during parts of the year. Detailed discussion of the water quality of Coffenbury 
Lake can be found in the Watershed Characterization chapter of the Clatsop Lakes 
Vegetation and Water Quality Management (Sytsma and Petersen, 2004). 
 
Fish and Wildlife 
Osprey, bald eagles, cormorants, kingfishers, Great blue heron and many different 
types of ducks have been observed at the lake by CLR staff during sampling. The fish 
community in the lake includes warm-water fish such as brown bullhead and yellow 
perch (ODFW, 2003) and rainbow trout are frequently stocked in the lake (ODFW, 
2003c). Occasionally, Oregon Department of Fish and Wildlife (ODFW) releases excess 
hatchery adult steelhead and coho fry into the lake (Braun, 2003). 
 
Beneficial Uses 
Water recreation such as swimming, boating and fishing are the main beneficial 
uses of the lake (Figure 2). Boating is common throughout the year, but is most prevalent 
during the spring and summer months. The boat ramp is used often to launch small boats 
and canoes. The park rents out canoes and paddleboats during the summer for visitors. 
There are two swimming areas in the lake; the most frequently used is in the northwest 
corner and another in the middle on the east side of the lake. Two docks are frequently 
used for fishing, but fishing also occurs throughout the lake. The hiking trail around the 
lake is used to access shoreline fishing spots and for hiking and biking. The beach and 
picnic on the northwest shore of the lake are heavily used during the summer. There is an 
additional picnic area on the east side of the lake. 
 
 
                                                 
1 Polymictic: frequent or continuous periods of mixing per year (Wetzel, 2001) 
2 Softwater: low dissolved inorganic carbon concentration and acid neutralizing capacity 
3 Eutrophic: high concentration of nutrients supporting high biological activity (Kalff, 2002) 
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Figure 2. Beneficial use areas for Coffenbury Lake and the surrounding watershed. 
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Aquatic Plant Characterization 
Methods 
The aquatic plant community in Coffenbury Lake was surveyed on June 10 and 
August 18, 2003, using an adaptive sampling protocol described in detail in Clatsop 
Lakes Vegetation and Water Quality Management (Sytsma and Petersen. 2004). For each 
sampling date, a unique set of 100 randomly selected GPS locations were surveyed. CLR 
staff used a small boat to access the lake and a plant rake tethered to a rope was used to 
obtain plant samples at each location. Presence/absence data was recorded at each site. 
Plants present in the samples were identified to species and estimates of abundance made 
for each species using a 1 to 5 scale according to the rake coverage methods described in 
Deppe and Lathrop (1992). The abundance value was assigned based on the extent of 
coverage on the rake head. A species that covered 1 to 20 percent of the rake head was 
assigned an abundance value of 1, a value of 2 for 21 to 40 percent, 3 for 41 to 60 
percent; a 4 for 61 to 80 percent and a 5 for 81 to 100 percent coverage. 
For those species that could not be identified in the field, specimens were 
collected and brought back to the lab for further examination. Voucher specimens of each 
species found were collected and deposited into the herbarium at PSU. Identification used 
keys from Washington Department of Ecology (WDOE) (2001), Cooke (2003), 
Hitchcock and Cronquist (1991), Crow and Hellquist (2000), and Guard and Steen 
(1996). 
 
Results and Discussion 
Plant survey data were mapped using GIS software. Random site selection and 
adaptive sampling protocol allowed presence/absence data to be used to provide 
estimates of percent cover (Madsen, 1999), calculation of confidence limits on percent 
cover estimates and permitted statistical comparison of species cover within and among 
lakes. 
One non-native species, water celery (Vallisneria americana) was found in the 
lake. This was not anticipated, due to the limited anthropogenic influence on the lake, 
compared to other lakes in the area. There was a significant decrease in the percent cover 
and abundance of two native species, Nuttall’s waterweed (Elodea nuttallii) and 
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stonewort (Nitella spp.) between sampling events. Abundance of native pondweeds 
(Potamogeton spp.) also differed significantly between sampling events. 
Water celery was the only nonnative aquatic plant species found in Coffenbury 
Lake. There was no significant change in percent cover of water celery between June and 
August (Table 1 and Table 2), however, its distribution in the lake changed. Water celery 
was concentrated in the southern end of the lake in June but it was distributed throughout 
the lake in August. Abundance estimates increased during the growing season, with none 
greater than one in June but some as high as three in August (Figure 3). Water celery was 
also at Sunset Lake, however, it was present at a lower percent cover (between 9 and 14 
percent) than in Coffenbury Lake. 
While water celery is a non-native plant, unlike some other non-native species, it 
does not create a mat at the water’s surface that blocks available light and displaces 
native species. Water celery is generally considered a beneficial plant. Waterfowl utilize 
the plant as food and its presence has been documented in other Washington and Oregon 
coastal lakes where it has not created nuisance conditions (WDOE, 2003). There have 
been instances where it has become a nuisance in some lakes in its native range (Catling 
et al, 1994). It does not appear to currently cause any problems in the lake. 
Even though water celery is not native, it is common in many coastal lakes.  The 
online Oregon Vascular Plant Database lists water celery in two lakes in Clatsop County 
(OSU, 2003). A historical aquatic plant survey of a “lake near Gearhardt” in 1951 found 
water celery in the lake, indicating that water celery has been present in Clatsop County 
over 50 years. Another plant survey in 1998 found water celery in Slusher Lake, on 
Camp Rilea. Slusher Lake has limited access due to its presence on Oregon Military 
Department (OMD) property, indicating that water celery may have been introduced prior 
to OMD obtaining the lake and surrounding property through any number of pathways. 
Water celery is a common aquarium plant, and has been planted in Midwest and 
East coast lakes as waterfowl food (McComas, 2003). Water celery could have been 
introduced to Coffenbury Lake through several methods. Slusher Lake was utilized as a 
popular duck hunting site, and waterfowl enthusiasts may have planted water celery as a 
food source. Deliberate planting of water celery into Coffenbury Lake could have 
occurred for this same reason. In addition, birds and other wildlife can easily transport 
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small water celery plants. Boats, trailers and other watercraft are additional vectors for 
introduction. 
The distribution, cover, and abundance of some aquatic plant species changed 
substantially in Coffenbury Lake during the 2003 growing season. Percent cover of 
Nuttall’s waterweed decreased from 76 percent to nine percent (Table 1 and Table 2) 
between sampling events. The plant was widely distributed in the lake in June, but was 
restricted to the shallow, southern end of the lake in August (Figure 4). Furthermore, 
most of the plant fragments collected in June were brown or black, with few leaves 
present on the stem. In August, all of the plant fragments were bright green and robust. 
Similarly, the percent cover of stonewort, a macro algaa, decreased from 35 to 12 percent 
between June and August (Table 1 and Table 2). As with Nuttall’s waterweed, stonewort 
was mostly brown or black in June. 
A bloom of cyanobacteria (Anabaena spp.) in May 2003 may have contributed to 
the decrease in percent cover of Nuttall’s waterweed and its blackened appearance in 
June. The pH of the lake increased from 7.0 to 9.4 during the cyanobacteria bloom 
(Sytsma and Petersen, 2004). An increase in pH causes a shift in the inorganic carbon 
equilibrium and a decrease in the dissolved carbon dioxide concentration (CO2). 
Photosynthesis of Nuttall’s waterweed decreases at pH values above 7 (Jones et al, 2000). 
Turbidity also increased during the bloom and increased light attenuation. Nuttall’s 
waterweed has been shown to be capable of concentrating carbon and utilizing 
bicarbonate when CO2 is scarce (Eighmy et al, 1991). However, the decrease in CO2 
coupled with the decreased availability of light may have severely limited photosynthesis 
and growth of the plant. Cyanobacteria such as Anabaena spp. have been shown to have 
an inhibitory effect on plant growth through an increase in light attenuation and pH (Jupp 
and Spence, 1977). 
Two of the native pondweed species also exhibited distinct seasonality in percent 
cover in Coffenbury Lake. Cover of the thin-leaved pondweed species (Potamogeton 
spp.) increased by 20 percent between June and August. Cover of flat-stem pondweed 
(Potamogeton zosteriformis) was 18 percent in June, but 0 percent in August (Table 1 
and Table 2). 
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Table 1. Percent cover, 95% confidence limits (CL) and depth distribution of plant species in 
Coffenbury Lake on June 18, 2003. 
Common Name Species % Cover Lower CL Upper CL Depth Distribution (m)
Nuttall’s waterweed Elodea nuttallii 76% 68% 84% 0.1 - 3.0 
Stonewort Nitella spp. 35% 26% 45% 1.3 - 3.0 
Water celery Vallisneria americanaa 30% 21% 39% 0.2 - 2.7 
Flat stem pondweed Potamogeton zosteraformis 18% 10% 26% 1.5 - 3.0 
Rush Juncus spp. 9% 3% 15% 0.1 - 1.0 
Reed canary grass Phalaris arundica 8% 3% 13% 0 - 0.5 
Water purslane Ludwigia palustris 5% 1% 9% 0 - 0.6 
Needle spike-rush Eleocharis acicularis 3% 1% 9% 0.4 - 0.6 
Yellow pond lily Nuphar polysepala 3% 1% 9% 0.1 - 2.1 
Narrow leaf bur-reed Sparganium angustifolium 3% 1% 9% 0 - 0.1 
Coontail Ceratophyllum demersum 2% 0% 7% 1.3 - 1.5 
Water smartweed Polygonum amphibium 2% 0% 7% 0 - 0.1 
Autumnal water starwort Callitriche hermaphroditica 1% 0% 5% 0.1 
Water pygmyweed Crassula aquatica 1% 0% 5% 0.1 
Water pennywort Hydrocotyle ranunculoides 1% 0% 5% 0.1 
Lesser Duckweed Lemna minor 1% 0% 5% 0.1 
Pacific water parsley Oenanthe sarmentosa 1% 0% 5% 0.1 
Floating-leaved pondweed Potamogeton natans 1% 0% 5% 0.1 
Thin-leaved pondweeds Potamogeton sppa 1% 0% 5% 0.1 
Common bladderwort Utricularia vulgaris 1% 0% 5% 0.1 
Water speedwell Veronica catenata 1% 0% 5% 0.1 
Table 2. Percent cover, 95% confidence limits (CL) and depth distribution of plant species in 
Coffenbury Lake on August 18, 2003. 
Common Name Species % Cover Lower CL Upper CL Depth Distribution (m)
Water celery Vallisneria americanaa 39% 29% 49% 0.1 - 2.8 
Thin-leaved pondweeds Potamogeton spp b 21% 13% 29% 0.2 - 2.9 
Rush Juncus spp. 13% 6% 20% 1.5 - 1.9 
Stonewort Nitella spp. 12% 6% 18% 1.3 - 2.9 
Nuttall’s waterweed Elodea nuttallii 9% 3% 15% 0.8 - 2.3 
Narrow leaf bur-reed Sparganium angustifolium 8% 3% 13% 0.1 - 1.5 
Yellow pond lily Nuphar polysepala 7% 2% 12% 0.1 - 1.9 
Water purslane Ludwigia palustris 6% 1% 11% 0.1 - 1.6 
Reed canary grass Phalaris arundica 4% 1% 10% 0.1 - 0.2 
Quillwort Isoetes spp. 3% 1% 9% 0.2 - 1.9 
Autumnal water starwort Callitriche hermaphroditica 2% 0% 7% 0.3 - 1.9 
Water smartweed Polygonum amphibium 2% 0% 7% 0.2 - 1.9 
Coontail Ceratophyllum demersum 1% 0% 5% 1.7 
Water pygmyweed Crassula aquatica 1% 0% 5% 0.1 
Needle spike-rush Eleocharis acicularis 1% 0% 5% 1.1 
Common bladderwort Utriculria vulgaris 1% 0% 5% 0.8 
a Non-native species 
b mix of P. pusillus, Stuckenia filiformis, S. pectinata 
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Figure 3. Water celery (Vallisneria americana) distribution and abundance in Coffenbury Lake in 
2003.  The X’s represent sampling sites where the plant was absent. Points represent sites where the 
species was found, and point size corresponds to the abundance value of the species at that site. 
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Figure 4. Nuttall’s waterweed (Elodea nuttallii) distribution and abundance in Coffenbury Lake in 
June and August 2003.  The X’s represent sampling sites where the plant was absent. Points 
represent sites where the species was found, and point size corresponds to the abundance value of the 
species at that site. 
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The aquatic plant community in Coffenbury Lake exhibited distinct seasonality.  
There were six species found in June but not in August: floating-leaved pondweed 
(Potamogeton natans), flat-stem pondweed (Potamogeton zosteriformis), lesser 
duckweed (Lemna minor), water pennywort (Hydrocotyle ranunculoides), water 
speedwell (Veronica catenata) and Pacific water parsley (Oenanthe sarmentosa). There 
was one species found in August that was not found in June, quillwort (Isoetes spp.).  
Species richness in the lake decreased from 23 in June to 18 in August (Figure 5). 
The maximum number of species found at one site in June was nine, while in August it 
was only four. There was an increase in the percent of sites without plants, with six 
percent in June and 31 percent in August having no plants (Figure 5). The changes in 
these two factors are most likely related to the over all decrease in species richness, and 
specifically the decrease in percent cover of Nuttall’s waterweed. Many of the species 
found in Coffenbury Lake were not found in the other lakes in the study including water 
pygmyweed (Crassula aquatica), water speedwell (Veronica catenata) and Floating-
leaved pondweed (Potamogeton natans). Seasonality in aquatic plant populations should 
be considered when aquatic plant surveys are conducted in these lakes. Accurate 
characterization of the aquatic plant community requires early and late season sampling 
to capture the changes in plant populations within and between lakes. 
Coffenbury Lake Integrated Aquatic Vegetation Management Plan 
 15
 
Figure 5. Species richness as measured by number of species at each location in 2003. The X’s 
represent sampling sites where plants were absent. 
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Plant species location data were combined with 2003 bathymetric data collected 
by CLR staff, to obtain depth ranges for each species. Depth ranges for each species were 
estimated based on a 3-meter circle surrounding each sampling site, which was to account 
for bottom slope at the sampling location. The minimum, maximum and mean depth of 
that area were calculated and the minimum mean depth and maximum mean depth where 
a species was found at the sites sampled provided the depth range. 
The maximum depth of plant colonization in Coffenbury Lake was equal to the 
maximum depth of the lake (3 meters) in June. This depth decreased slightly to 2.9 m in 
August (Figure 6). The greatest number of species was found at the shallow depth of 0.1 
and 0.2 m respectively during June (6 species at 0.1 meters and 8 at 0.2 meters). The 
maximum species richness for August was at a greater depth of 0.4 m. Plant species 
richness was less than or equal to 3 for most of the lake on both sampling events. Overall, 
plant species were present at nearly all depths sampled in 2003 (Figure 6). 
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Figure 6. Coffenbury Lake mean species richness over mean depth gradient sampled in 2003. 
 
Fact sheets describing some of the plants found in the lake can be found in 
Appendix A-1. A species list of plants sampled and there location is included in 
Appendix A-2. 
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Considerations in Managing Aquatic Plants 
Aquatic plants play an important role in the physical, chemical and biological 
functions of shallow lakes. Physical functions, such as wind driven mixing of the water 
column can be altered by the structure of aquatic plant beds. Wind driven mixing can 
resuspend sediments. Thick weed beds can severely limit wind driven mixing of the 
water column leading to an increased rate of sedimentation. Dissolved oxygen 
concentration can be altered as plants produce oxygen during photosynthesis and use it 
during nighttime respiration. Aquatic plants also provide food for invertebrates and birds 
and refuge for smaller animals from predation. Lakes with aquatic vegetation usually 
have a more diverse biotic community than lakes without vegetation (Scheffer, 1998). 
This may not be true in lakes where invasive aquatic plants dominate. Invasive aquatic 
plants crowd out native vegetation, creating monoculture stands and reducing biotic 
diversity. 
The introduction of non-native, invasive, aquatic plants can have significant 
negative effects on a lake ecosystem. Invasive, aquatic vegetation often creates 
monoculture stands with dense surface canopies (AERF, 2003). These thick canopies 
make foraging difficult because they present a visual barrier to fish predators. This favors 
smaller sized fish that can hide in the weeds, and may lead to a decline in large predatory 
fish such as largemouth bass. The thick beds of invasive plant species can also affect the 
physical and chemical conditions of a lake. Decreased water mixing can lead to increased 
surface water temperature. Warmer water contains lower concentrations of dissolved 
oxygen (Frodge et al, 1990). Although photosynthesis results in the production of 
dissolved oxygen, nighttime respiration by plants consumes dissolved oxygen and may 
lead to oxygen depletion beneath the canopy and kill fish (Frodge et al, 1995). Some 
plants are more efficient than native plants at extracting the inorganic carbon required for 
photosynthesis. As carbon dioxide and bicarbonate are removed from the water via plant 
uptake, the dominant carbon species becomes carbonate. The increasing concentration of 
carbonate, a base, results in an elevation of pH. 
Both introduced and native aquatic plants can become abundant and problematic, 
significantly altering the lake ecosystem and limiting human beneficial uses of the lake. 
However, the management and control of the plants requires careful consideration of the 
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potential impacts on fish, wildlife and the plant community. As described above, aquatic 
plants play an important role in the lake by limiting turbidity through decreased sediment 
resuspension (James and Barko, 1990). Clear water conditions with low turbidity favor 
plant growth, through a maximization of light availability. Shallow lakes, like 
Coffenbury, can exist in two alternative stable states: a relatively clear water, plant 
dominated state or an algae dominated, turbid state (Scheffer, 1993; Scheffer 1998; 
Scheffer and Jeppesen, 1998). Removal of a large amount of vegetation can lead to 
increased algae abundance, increased frequency of algae blooms and decreased water 
quality. Algae populations can become abundant enough that turbidity increases and 
limits plant growth. 
Nutrients can come from two sources: allochthonous sources from the watershed 
or autochthonous sources from within the lake. Allochthonous nutrients can include 
phosphorus and nitrogen from groundwater or surface water. These sources of water to 
the lake may be high in nutrients such as phosphorus and nitrogen from septic tanks, 
logging, agriculture or residential runoff. Nutrients stored within the sediments can be 
released when lake sediments are exposed causing an increase of internal or 
autochthonous nutrients in the lake. Perturbation of the sediments is particularly an issue 
in shallow coastal lakes like Coffenbury Lake, where winds are frequent and sediments 
are close to the waters surface. This internal nutrient loading, when combined with the 
allochthonous nutrient sources, can cause a change in lake water quality, exceeding the 
critical turbidity for plant growth and causing a shift in alternative stable state which 
cannot be naturally restored to allow for macrophyte growth (Scheffer, 1998). 
Managing the invasive aquatic plants in Coffenbury Lake will require careful 
consideration of these alternative stable states. The goal of aquatic plant management 
should not be to remove all of the vegetation. Instead management should seek to control 
the invasive problem species while enhancing and maintaining the native plant 
community and limiting the impacts to water quality and fish and wildlife. 
 
Evaluation of Lake Specific Weed Control Alternatives 
There are many different mechanical, physical, biological, chemical methods 
available for managing aquatic plants, including taking no action. Preventing the 
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introduction of non-native aquatic plants not already present in the lake is an important 
alternative in any IAVMP. Integrated aquatic vegetation management considers the 
abundance and distribution of the plants present, management goals, legal and economic 
constraints, and possible impacts of management activities when evaluating the potential 
methods for aquatic weed control. Evaluation of the control alternatives also requires an 
examination of the appropriate control intensity and the required permits and 
consultation. To minimize the impact of managing aquatic weeds on the native fish, 
wildlife and plants, the intensity of control needs to be determined. Permits are required 
for implementation of many aquatic plant management techniques, and may constrain 
application of these methods, particularly dredging and herbicides. A summary of the 
available control alternatives for aquatic plant management, their applicability to 
Coffenbury Lake and an overview of permits for aquatic weed management follows. 
 
No action alternative 
The assumption is sometimes made that taking no action is environmentally 
neutral. When dealing with non-native plants the consequences of doing nothing may be 
great, more so than the effect of any potential management control methods (Madsen, 
2000). Left unmanaged, invasive species can have serious deleterious impacts on the 
ecology of the lake.  They can have many different negative impacts. Excessive growth 
of these plants is often responsible for: 
• degradation of water quality, 
• reduction in native plant distribution, abundance and diversity,  
• deterioration of fish and wildlife habitat, 
• reduction of area for recreation such as boating and fishing, 
• reduction or loss of other beneficial uses, such as aesthetics and water supply, 
• reduction of property values adjacent to the waterbody, 
• increased sedimentation (Madsen, 2000; AERF, 2003). 
Coffenbury Lake differs from other lakes in the Clatsop Plains in that only one 
non-native aquatic plant species (water celery) is currently present and it is not 
considered particularly problematic. The no action alternative for Coffenbury Lake would 
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recognize the presence of this non-native aquatic plant, but not outline a monitoring plan. 
Although water celery does not seem to be invasive, it may become a problem in the 
future. 
The no action alternative would also recognize the potential for introduction of 
other non-native and potentially invasive aquatic plants, but not have any education or 
signage, or work to create a rapid response plan. If an invasive plant is introduced into the 
lake, with no monitoring or rapid response plan in place, the plant could increase 
dramatically in abundance and cover, displacing native plants. A reduction in species 
richness could lead to the deterioration of fish and wildlife habitat, water quality, and a 
loss of recreational and other beneficial uses. Loss of the aforementioned beneficial uses 
is not acceptable at Coffenbury Lake and therefore the no action alternative is not 
suitable. 
 
Prevention and Rapid Response Planning 
Prevention of new introductions is an important component of all IAVMP's. 
Prevention typically includes education, monitoring and rapid response planning to 
minimize the risk of introduction of an invasive aquatic plant species via boat trailers, 
fishing gear, and intentional introduction. Prevention of new introductions in Coffenbury 
Lake is very important. The loss of beneficial uses such as swimming, fishing and 
boating could be significant if a plant such as Eurasian watermilfoil (Myriophyllum 
spicatum) were introduced to the lake. High-value water resources like Coffenbury Lake 
that are at high risk to introduction of invasive species may warrant more stringent efforts 
such as mandatory boat inspection and washing. 
Education can be done with signs, brochures, and presentations that provide 
information on the species present, the most likely species to be introduced to the lake, 
and ways to prevent their introduction. Signs can be placed around the lake and at boat 
launches. Brochures can be provided to lake users and the public. Presentations could 
take place during interpretive events. 
Monitoring is vital to preventing the introduction of other invasive aquatic plants 
not present in the lake. Consistent monitoring will facilitate rapid response to the 
presence of new invasive aquatic plants quickly, thereby reducing the impacts of the 
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invader on the lake. It provides information needed to assess and examine any changes in 
the current aquatic plant community. 
Rapid response to new invasions, when plant populations are small with limited 
distribution, is important for protecting the lake. Rapid response is contingent upon 
regular surveys and early detection of new introductions. Development of a rapid 
response plan for new aquatic weeds is critical to effective management and preservation 
of the lake’s valuable uses. A rapid response plan identifies the most likely pathways of 
introduction into the lake and the species most likely to be introduced. It also outlines the 
steps to manage the introduction of a new aquatic plant species. 
All of these alternatives are suitable and necessary to prevent the introduction of 
invasive aquatic plants to the lake. Due to its proximity to other aquatic weed-impacted 
waterbodies, such as the Columbia River and other Clatsop Plains lakes, Coffenbury is 
susceptible to invasion by other noxious aquatic weeds, such as Eurasian watermilfoil. 
Education through signs and a brochure would be important in informing lake users and 
the public about prevention of new introductions. Monitoring the boat launches and other 
potential points of introduction to the lake on a regular basis will provide early detection 
of invaders to the lake. A rapid response plan will be key in limiting the impacts any 
introduced plants may have on the lake. Since it lies within a state park Coffenbury Lake 
poses unique weed management challenges. Development and public review of a rapid 
response plan for aquatic weeds in the lake is critical to effective management and 
preservation of the lakes valuable resources. 
 
Mechanical Control 
Mechanical control methods utilize equipment to directly remove plants and 
control them. Mechanical techniques have been utilized for many years to control 
nuisance aquatic vegetation. These methods include hand removal such as hand pulling, 
raking or cutting; cutting, harvesting, rotovation and diver operated suction harvesting. 
Hand removal utilizes direct hand pulling or hand tools such as rakes or hand 
cutters to remove or cut the plants.  Sediment agitation utilizes automatic rollers or rake 
sweepers to remove plants from the sediment around docks or other floating structures. 
Mechanical cutting cuts the plants below the waters surface. Harvesting is similar, 
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however it involves the removal of the cut plants from the water.  Rotovation tills up the 
bottom sediments to destroy and remove aquatic plants and their roots. Diver suction 
harvesting utilizes a small-scale dredge to remove the plants, but not sediments from the 
water body. 
Costs vary with method and scale of application; mechanical harvesting can cost 
up to $2000/acre and is best used when large areas are managed, while localized hand 
pulling near docks can be implemented on a small scale by individuals at low or no cost. 
Given the lack of significant problems with invasive aquatic plants in Coffenbury Lake 
mechanical control methods are not appropriate at this time. 
 
Physical Control 
Physical control methods may utilize large mechanical equipment, however; these 
methods differ from mechanical control methods in that the environment of the plant is 
directly manipulated, in turn impacting the plants. Physical control methods include 
benthic barriers, water level drawdown and dredging. Depending upon the method, 
physical control methods can provide localized or large-scale control of aquatic plants, 
however, the methods are all generally nonselective and impact native and nonnative 
plants. Costs vary depending on the method used and the area where it is applied. 
Benthic barriers are a method where the lake bottom is covered with a layer of 
material to cover plants and prevent their regrowth.  Water level draw down lowers the 
level of water in a water body to expose the plants and dry and desiccate them.  Dredging 
includes the removal of both the plants and sediments from the water body.  Given the 
lack of significant problems with invasive aquatic plants in Coffenbury Lake physical 
control methods are not appropriate at this time. 
 
Biological Control 
The biological control of aquatic plants focuses on the selection and introduction 
of organisms that have an impact on the productivity, growth or reproduction of the target 
plant.  Classical biocontrol involves release of agents that attack only a target plant. There 
are limited opportunities for classical biocontrol for submersed aquatic plants, although a 
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suite of agents have been used to effectively control purple loosestrife (Lythrum 
salicaria) populations in Clatsop County (Ambrose, 2003). 
General biological control utilizes control organisms that are not host specific and 
will not target specific plant species. An example of a general control agent is the grass 
carp (Ctenopharyngodon idella), a herbivorous fish that has been used to control aquatic 
vegetation in a limited number of Oregon water bodies. Devils Lake is the largest and 
most well known grass carp stocking effort in Oregon. In general, grass carp are 
nonselective and typically result in eradication of all aquatic plants or are ineffective 
(Bonar et al, 2002). Often, sever water quality impacts occur when all aquatic plants are 
removed from a shallow lake. Stocking of grass carp in Devils Lake resulted in increased 
frequency and abundance of cyanobacteria blooms, which can be toxic and thus limited 
water contact recreation. Currently, grass carp cannot be used in Oregon lakes larger than 
10 acres, although exceptions may be granted by the Oregon Department of Fish and 
Wildlife. Given the lack of significant problems with invasive aquatic plants in 
Coffenbury Lake biocontrol is not an appropriate management option for the lake. 
 
Chemical Control 
Chemical control methods utilize herbicides to control aquatic plants by causing 
death or by greatly suppressing growth, and can be a cost effective method for controlling 
nuisance aquatic plants. With the appropriate compound, application rate, and exposure 
time, herbicides can be used to selectively control some noxious aquatic weeds. Because 
there are no significant problem species chemical control is not appropriate in Coffenbury 
Lake at this time. 
 
Permitting 
Permits are required for implementation of many aquatic plant management 
techniques by county, city, state and federal agencies. Some methods, particularly 
dredging and herbicides, are limited in scope by federal and state regulations. A detailed 
description of permit requirements and costs for each permit can be found in the aquatic 
plant management plans developed for Cullaby, Sunset, and Smith Lakes in Clatsop 
Lakes Vegetation and Water Quality Management (Sytsma and Petersen. 2004). 
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Integrated Treatment Recommendation  
Lack of significant invasive plant problems in Coffenbury Lake obviates the need 
for in-lake weed management at this time. Aquatic vegetation management in Coffenbury 
Lake should focus on prevention and rapid response to new introductions. The 
monitoring and rapid response plans detailed below are vital to preserving the lake in its 
current state. In addition, an education program should be created and implemented, to 
educate park staff, volunteers, and the public. 
 
Prevention 
The most likely vector for introduction of invasive aquatic plants into Coffenbury 
Lake is boaters. The use of the lake by boaters from the Columbia River to flush their 
motors presents a specific concern, due to the presence of Eurasian watermilfoil 
(Myriophyllum spicatum) in the river. Boat trailers, props and fishing gear are a common 
pathway of introduction for invasive aquatic plants into water bodies. Boats moved from 
other coastal lakes to Coffenbury could also introduce noxious aquatic weeds. 
Signage to inform boaters of the risk of introducing invasive species should be 
installed. Signs at the boat ramp and docks should explain the impacts associated with the 
introduction of invasive aquatic plants to the lake and boaters should be encouraged to 
remove all plant fragments from their boat and trailer prior to putting their boat into the 
lake.  The Center for Lakes and Reservoirs can assist in creating the signs for the boat 
ramp and docks. 
Lake managers may want to consider seeking funding for a boat washing station 
near the entrance of the park at the dump station. Lake users should be required to 
thoroughly clean the entire boat and trailer prior to launching in the lake. Wash water 
should not be disposed of near any waterbodies. Coffenbury Lake provides important 
recreational opportunities for visitors to the state park. It is a popular lake for fishing, 
boating and swimming. It is also an important aesthetic keystone of the park, providing a 
key area for hiking and viewing. 
While contaminated boats are the highest risk for introducing new invasive plants 
to the lake, there are other vectors as well. Aquarium dumps to liberate pet fish and 
aquarium plants are also commonly implicated in aquatic invasive species introduction. 
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General visitor education, focused on the detrimental consequences of such actions, is 
needed. Signage at the boat dock could also address this pathway of introduction. A 
brochure from the 1970’s facilitated a self-guided tour of the lake.  A new brochure could 
be created for park visitors, which explains general lake ecology, role of the native plants 
in the ecology of the lake, and the aquatic plants present.  In addition, there could be a 
brief discussion of invasive aquatic plants, their major pathways of introduction, and their 
impacts on the lake. 
Park staff and volunteers can also assist in prevention efforts. Park staff and 
volunteers have many opportunities to interact with and educate the public about 
Coffenbury Lake and Fort Stevens State Park. Staff and volunteers should have 
information on the basic biology of native aquatic plants, their role in lake ecology, and 
the aquatic plants present in Coffenbury Lake. In addition, they should have a working 
knowledge of the biology of invasive aquatic plants, their impacts on lake ecology, and 
the introduction pathways of invasive plants into water bodies. 
Knowledgeable park staff and volunteers could incorporate invasive species 
information into a guided hike around the lake that includes pictures or pressed 
specimens of aquatic plants to illustrate the role of native plants and the impacts of 
invasive species introductions in lake ecology. Staff participation in professional 
meetings and courses that discuss invasive plants and their management (Oregon Lakes 
Association and Oregon Weed Science Society meetings and aquatic weed short courses 
at PSU), or an on-site, annual update on aquatic invasive plant problems should be 
provided to all park staff to fully inform them of the species of greatest concern. 
 
Monitoring Plan 
A monitoring plan is required for early detection of new invasions and to track 
changes in the abundance and distribution of water celery over time.  Consistent 
monitoring will also allow managers to detect new invaders early when eradication is 
possible.  Detailed surveys of aquatic plants should be done every two years between 
June and August to capture the greatest number of species in the lake using the same 
methods as were used to develop this management plan. A sampling scheme similar to 
the one employed in this study will allow managers to detect significant changes in the 
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cover and abundance of aquatic plants in the lake. Frequent checks (monthly) for new 
species near the boat ramp and docks, where new plants are likely to be introduced, 
would also aid in early detection of any invasive plants. 
 
Response Plan 
A response plan that evaluates eradication options for new aquatic plant 
introductions should be developed. Eradication of new invaders is possible when 
management efforts are implemented at the beginning of the infestation (Rejmanek and 
Pitcairn, 2002). The response plan should include pre-approval of appropriate eradication 
methods, including use of herbicides. The response plan should include development and 
pre-approval of permits necessary for management of those species most likely to be 
introduced to the lake, including Eurasian watermilfoil, Brazilian elodea (Egeria densa), 
fanwort (Cabomba caroliniana), parrotfeather (Myriophyllum aquaticum), and yellow-
flag iris (Iris pseudacorus). 
 
Costs and Funding 
Costs were estimated for each of the recommended tasks described above (Table 
3). Monitoring costs were based on the cost for PSU to sample the lake twice during the 
summer of 2003.  Monitoring costs for twice annual surveys at the boat ramp includes 
training for Oregon State Parks staff or volunteers. Other costs were estimated based on 
costs of previous similar projects conducted by the Center for Lakes and Reservoirs. 
Funding available for aquatic plant management, especially prevention activities, 
is limited. Portland State University has funding for implementation of the Oregon 
Aquatic Nuisance Species Management Plan that can be used for outreach and education 
efforts. In addition, some funding assistance may be available from the Skipanon 
Watershed Council (SWC), Oregon Watershed Enhancement Board (OWEB) and 
Clatsop County Soil and Water Conservation District (CCSWCD) for prevention and 
education. 
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Table 3. Summary of recommended strategies and estimated costs for Coffenbury Lake. 
Activity Estimated Cost 
Implementing 
Entity Funding Notes 
Monitoring         
Boat Ramp  $800  OPRD/PSU OPRD PSU trains OPRD staff 
Whole lake $5,000  PSU OPRD Assumes 2 people, travel 
Prevention and Education         
Signs $1,000  OPRD/PSU PSU One time cost 
Brochure $2,500  OPRD/PSU OPRD One time cost 
Nature walks $5,000  OPRD OPRD PSU trains OPRD staff 
Rapid Response Plan $15,000 - $30,000  PSU 
SWC, CCSWCD, 
OWEB 
Requires resolution of 
permitting issues 
 
Implementation and Evaluation 
The implementation of the Integrated Aquatic Vegetation Management Plan 
(IAVMP) should include the creation of a committee to initiate the monitoring and 
education programs.  This committee should include the Oregon Parks and Recreation 
Department, Portland State University Center for Lakes and Reservoirs, Oregon 
Department of Environmental Quality, and watershed council representatives. 
The education and monitoring plans outlined here should be created in 2004 and 
implemented in 2005, focusing on signage at the boat ramp and fishing docks. Park staff 
should also conduct checks for new species at the boat ramp three times a year: at the late 
spring/early summer, mid-summer and late summer/early fall. CLR staff can assist in 
identification of plant species and provide support for sign production. 
The committee should also begin to develop a rapid response plan for new 
invaders, focusing on clarifying obstacles to management, such as the use of herbicides 
and special circumstances that necessitate weed management within the park.  The plan 
should be flexible and adaptive to any changes in the lake and any other factors, such as 
changes in Oregon Parks and Recreation or State policies, laws, or permit requirements. 
At each step, the management plan and its effectiveness in meeting the management 
goals for the lake should be evaluated. The plan should be altered based on any 
discoveries of more appropriate methods or based on any changes in the plant population 
in the lake, such as the introduction of invasive species or rapid growth of water celery.
